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ABSTRACT 


A critical survey of technological forecasting techniques 
is presented. The nature of techmoesorical forecasting eeu. 
mits the various techniques to be classified as intuitive, 
S2plorarory. eadsmenmavive. Intuitive technological tore] 
casting is based on the informal use of exploravory and ners 
mative techniques, including the forecaster's biases and 
hunches. Exploratory technological forecasting Starts from 
a present empirical or theoretical basis of knowledge and is 
oriented towards the future. Normative Gechmo logical feme— 


casting, on the other hand, first assesses future goals and 


missions and works backward to the present. some pacd als 
mareccnnolceical furccesving Gre Aiscussee- Tue ii Coe 
Pential areee(1) a lackwef imagination on the part of tne 


forecaster; (2) a belief that the human intellect Gan eredre 
anything it can conceive; (3) a lack of consideration of 
seemingly unrelated factors; and (4) the use of inappropri- 
ate techniques or incorrect calculations. Factors which 
should be considered in selecting a forecasting technique 

are suggested and include: (1) the circumstances under which 
the forecaster is working; (2) the characteristics of the 
data base; (3) and the time available for generating the 


forecast. 
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I. INTRODUCTION 


The author of this paper has been interested for some 
Time in the process by which the Department of Defense 
acquires new systems. Before a new system becomes opera- 
tional many decisions are made concerning alternative tech- 
nical approaches, alternative force sizes, length of the 
research and development phase, and the like. In many, if 
not most of these decisions, the author believes that a 
Poarvicularly important information inpue concerns the svare 
ee fuvure Cechnology. 

In developing information about the state of future 
mechnnology, Ltmbecomes = necessary to 1Pore¢aseewaarew | aor 


tn. a! 
oy Oi G 


4) 


. - = + -i. ecg . 7 + tH. rac wR TAN 1 x - cam te ne am 4 2 aH 
ao Least whnav COULD me avallac iy O@eUC O11) Lite os a 


mme Stave Of current technology. Thus the@au@vhor eee 

me reviewing the Jliterature on technological forecasving 
mama effort te study the techniques availabile for @eroviding 
maormation about the future state of Cechnology. 16 is 

eae purpose of this paper to examine, in the form of a4 
errercal survey, these technological forecasting vechnigques 
ome in semdoing give an account of thesstate of The aizgmor 
mochinological forecasting. 

NeWandicated, techneodoegteal@ forecasting, which haswde— 
veloped gradually since the end of World War II, attempts 
me provide an indieation wot the fugure ofvsciencesand tech— 
nology. The author of this paper believes it has gained 


importance for the following two reasons. First, the rapid 


growth of opportunity offered by the many advances in science 
and technology necessitates a high selectivity on the part 

of decision-makers both at the level of the individva tein, 
government agency, and on a national scale. Choice between 
alternative decisions may make all the difference in com- 
petitive performance. Second, science and technology are 
recognized as influences in the transformation of society 

and as such governments must strive to forsee the impacts 
which technological developments are likely to have on future 
society and to guide the application of new knowledge in the 
eevainment of national goals. 

The expenditure on both basic research and the develop- 
meme Oot 1tTs consequences formspracticalepurposes, whebpher 
Weaceiul CY MiLivary, 1S Browling Sc Bepl alee Gees 72 Desamee 
iaereasingly important, at least to this author, for govern— 
ment and industry to be clear and precise on what they are 
meyane CO do amd to study wisely thesbestawayset dominate. 
It follows that it becomes of great importance to direct 
gdevellopment in the right directions, selecting only those 
alternatives which show promise. The essence of the infor- 
Mation base for the art of directing development is techno- 
logical forecasting. 

Early attempts at technological prediction were nov 
rigorous enough to be characterized as technological fore- 
casting in the present usage of these words, since they are 
largely prophecies resting on opinion rather than systematic 


iecte.» Although the history of =predwert eno ves Oe ea 








feeling for the progress of technolosyemune Subj eCcteyimeuenot 
Bestreaved. in stiins paper. 

There are perhaps as many definitions of technological 
forecasting as there are writers in the field. However, a 
defimitvion of technological fermecas vine Bpeeeee bythe 
author of this paper is as follows: Technological forecast- 
ing is the use of systems of logical analysis to induce 
probabilistic assessments of future developments and im- 
pacts of technology. Technology in this sense denotes the 
bproeadsarea of purposeful application of the contents otmenc 
physical, life, and behavioral sciences. 

Technological forecasting is responsible for@a pres u— 
elomeot literature. This atithermisereview of the liGerature: 
mOWwevor, ~eveesieda four Well-writven Dee os De Same fF 
Droad overview of the techniques, applications and viewpoints 
espoused by most technological forecasting experts [1,2,3,4]. 
These four books are recommended as an excellent starting 
momae tor those interested readers wishing te delve further 
into the subject and are annotated in Appendix A of this 
paper. 

ine reader of techmediecical) forecasting Mawerature is 
cautioned to the fact that there are a number of seemingly 
repititious articles as well as frequent cross-references at 
eparstence. This point should Mew lead to frustration, ~sance 
comparison of the works usually reveals subtle differences 


maethe auchor's concept and piniilcceap amor vechnolopr cal lore— 


casting. 








A final word on the references used in this paper is 
appropriate. The List of References 15 cont ined temeumn, 
those works cited in the paper. In addition to these ref- 
erences and the annotated bibliographies contained in 
References [1-4], there are three excellent bibliographies 
available to the reader [6,7,8]. 

Technological forecasting is not yet a science, but an 
ert, Human judgment is enhanced, not replaced by aL. if 
technological forecasting is to be useful in meaningful ap- 
Ee LeCaoumons, 1% must be structured "and developed 1) 4) pmecer 
framework. The conceptual framework utilized by many authors 
ieune field is that of viewing the transfer of technology 
through various levels of development [5]. 

BY Way ot EXPisnniavion O1 Unis im@meworx, them concemil of 
technology must first be treated. The image of technology, 
until recently, was considered in terms of machines and equip- 
ment, i.e., hardware. Today, however, technology consists 
i@ereasingly of software, i.e., the organization and sysvtemi— 
gation of ways of accomplishing tasks [5]. In this wider 
sense, the principles of management, when embodied in an or- 
ganization or in a management system such as PERT, are just 
as much technology as a Polaris missile. 

Technology transfer, for hardware or software, is the 
process by which science and technology are diffused through- 
eure human activity [5].  Bhis can be either transfer from 
basic scientific knowledge into technology (the so~called 
vertical transfer), or adaptationwot an Existing technelogy 


fo a new Use (the so-called horizontal transfer) - 








Vertical transfer refers to the transier Of @vecimeue. 
moving through levels of development by which a "state of 
the art" becomes embodied in a system and by which the fusion 
of several different technologies leads to a new technology. 
Consider, for example, the recognition in solid-state theory 
of the fundamental concept of semi-conduction. This dis- 
covery in basic theory eventually led to integrated circuit 
technology, and further to solid-state communication systems 
and their impacts on the non-technical environment. 

Horizontal transfer, on the other hamd. occurs tatouan 
the adaptation of a technology from one application to an- 
other. An example of this concept is the adaptation of a 
ieee Lary gaircrait to Civilian air transport. Herizonval 
wPanoler may @iso include tne trancsfompme@cvicon cr faveravec ms 
procedures into medical care and the diffusion of military 
and space technologies into the commercial markets. 

Technological forecasting is concerned with the fore- 
@estine of technological changes. If by ™vechnologiecal 
change one understands the development of the applied 
eememces and their industrial exploitation, then forecasting 
will primarily be concerned with the capabilities provided 
Peechne changing state of the art, and their influence” on 
the materials and techniques employed in industrial produc- 
tion. However, as mentioned before in the discussion of 
mechnology transfer, the term can allso be used much more 
broadly to include the economic and social changes which 
result from the development of technology. It is unrealis- 


tic to discuss any aspect of teclinological change without 


9 








eons iderine the social and Gconcmimemen a OnmMemie. Vieinmec hia 
is expected to take place. 2t as) the complexaty soi Sines 
teractions between changing technology and the complex and 
changing environment which presents technological forecast- 
Mice Wiclind UsaMosu Lormiadab le sene ton ese 

The following three sections of this paper, in order 
Peter presentation, econtaina detailed discussion. in 
meucane description, application and Critique, of invuatiave. 
peo loravory, and normative forecasting techniques. Intui-— 
tive techniques may be categorized as individual or consen- 
sus (committee) forecasting. While a great deal of forecasting 
mee attempted by the individual technique, the procedures of 
Eas method have not been formulated and will not be Treated 
ne Oe ocm ines VeCiiaigt = eee a te od 
experts is gathered freely under the guidance of a moderator, 
meeune first intuitive technique discussed. Because of the 
mmerent difficulties in this method, the Delphi method was 
Mesigned and is the subject of the remainder of Section IIL. 

Px pl@ravorey ‘cechmnorogical Torecasting Starts 17om.a 
Meecent empirical or theoretical basis of knowledge and is 
@eented Cowards the future, i.e., it is opportunity-oriented. 
iemmative technological forecasting, on the other hand, first 
assesses future goals, needs, and desires and works backward 
mmo Present. 1,6. ,).t 15 missiOn—Or1ented. Enis ditier— 
ence in orientation PRLOvVidede tne aWrnorm Witla bsioeeaa means 
of categorizing these techniques for presentation in the 


marred and fourth sections. 


103 








Tieshanae see bon JOl Thus poate ais Soe Cicer se ol ice 
praisad el techmelogical torecastuneae die enme ra le, eelepene ena 
PLCULAar tcanermoattlalils, crigeriauper se lechane “aaimen mec 


and the future of forecasting are discussed. 


abe: 





Lie eNIUITIVE FPORECASTENGSTEC HN TOUis 


ie. INTRODUCTION 

The titie of this firsvuPehapter wen i orecasvane. technics 
games appears ,wabmtirst glance, to be Somewhav COntratmeram 
Intuition is - according to Webster's New World Dictionary - 
"the immediate knowing or learning of something without the 
@ernscious use of reasoning.” This definition of intuition 
seems to deny the possibility of applying any technique to 
the intuitive process. However, as Jantsch points out in 
studying supposedly intuitive forecasts of future technolo- 
gies, one finds in general that they represent "cluttered 
pieces of systematic thinking" [1]. In short, although in- 
DPM etc om Mino ClDLIneG™ form Of KnGWwleGeo, LU eo] 
as some would have it - the antithesis of rational analysis, 
more snould one imagine that intuition cannot be improved by 
the application of system and order. 

Intuition is perhaps the oldest method of forecasting 
ley. Until recently it was the only method, and now, after 
the development of other techniques, it is still widely 
Meed. Intuitive forecasting techniques may be categorized 
jm Convenience as individual forecasting or consensus fore- 
Casting. : 

The simplest of these two forms of intuitive forecast- 
moe 1s the individual or "prophet" forecast. If a certified 
"prophet" is available there is nothing more to say. If, 


iMewever, either the "prophet" or “certification” is@im ques-— 


pon the modern tendency is to rcly on consensus techniques. 


2 








The classic example of the so-called "prophet" is F. W. 
Landemannm. Churchill *s powerfudesevene1 1 see sdy is Oraaiiteara 
World War II. He strongly advocated solid-fuel rocket 
propellants to the point that he reiused ve Deime Ve svi ia 
diquid-fueleaGerman V=2 rocket couda five despite phepeaes hic 
evidence to the contrary [4]. The author's review of the 
literature did not reveal any formal procedure for the indi- 
weeaual forecasting Cechnique and as a result this subject 
Teel Ne@uebie sureavted ingvhis section. 

This section will include, however, a description, pos- 
eo le applications, and a critique of the various consensus 
techniques. In particular, the Delphi technique will be dis- 


cussed in detail. 


Ise BRAINSTORMING 

The first consensus technique is the brainstorming 
method, where a group of experts is gathered to speculate 
ieee ly Under the guidance of a moderator. The brainstorming 
technique is designed deliberately to create an environment 
Penaucive to speculation. The reason for this radical be- 
havior is simply to alleviate the conservative nature of 
Penventional type committees. Ayres cites the 1937 study of 
the National Research Council as an example of the effects , 
of conservative forecasting [4]. The Council virtually 
missed all of the major developments of the decade, includ- 
ing antibiotics, radar, jet engines, and atomic energy. 

Jantsch [1] offers the following basic rules for brain- 


storming sessions: 


3 








Ifeeestaveschae problem in Das Rem erins a shee ale eerie 
iP @xeys mem SiS \aially 

2. We not find fault withhem Stop to Cxettere ain, 

1 oleyeye 

3. Reach for any kind of idea, even if its relevance 
may seem remote at the time. 

4, Provide the support and encouragement necessary to 
Mperabe partacipanvs from Inhibiting atvvivudes. 

The moderator or group leader is responsible for re- 
minding the participants of the above mentioned rules and 
Poacouraging uninhibited discussion. He also directs the 
miceracction in such a way that the various opinions produced 
form a consensus. 


1, 


+ . ~ 2 2 AG] a )- Base: a 
CP PTMTF 7+ + oe 7 Sp Por on rr cr , 2 . = 
nh SUP ver CL Une Liveravurc CUMeeo TS way eee lee 


tft 


been published concerning the applications and effectiveness 
of this technique. One reason for this apparent lack of 
memerest 1s the possible domination of the discussion by one 
Person. A quite convincing series of studies have shown 
that the group opinion as used in the brainstorming scheme, 
is likely to be highly influenced, if not determined, by 
the views of the member of the group who does the most talk- 
ing [10]. Another difficulty is the introduction of noise 
meebne discussion. Noise is simply irrelevant or redundant 
Memerial offered by the participants. A third difficulty is 
that group pressure has a tendency to overvalue reaching a 
Somsensus, i.e., the “bandwagon” effect of majority opinion. 
The Delphi technique is designed to overcome these dif- 


imenities and is the subject of the following paragrapns. 
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OF Dein 

Helmer and Dalkey of the Rand Corporation invented the 
Delphi method in the hope of rectifying the aforementioned 
Gauittficulties of the brainstormima  eecumi gues 9) |e seas 
simplest form, it eliminates committee activity among the 
experts altogether and replaces it with a carefully designed 
program of sequential, individual interrogations [2]. 

ine Delphaeprocedure Consisvs ol Taree distancrvive 
emaracteristics: anonymity, controlled feedback, and sta- 
Cistical group response [11]. Anonymity is a device to re- 
@eiee the effect of the dominant individual. It is maintained 


by eliciting separate and private answers to prepared ques- 


mons. Ordinarily, the procedure is carried out by written 
Perse Onna rs or Ober DOM COMMENT OOSiion” “Chieine fs. Gusti 
as on-line computers. Ail other interactions between respon- 


eats is through formal communication channels controiled by 
mee Girector of the forecast. 

Controlled feedback is a device to reduce noise. This 
meaceomplished by conducting the exercise in a sequence of 
rounds between which a summary of the results of the previous 
meund are communicated to the participants. 

The statistical group response is a device to assure 
that the opinions of every member of the group is represented 
mieune tinal response. For cases where the group task is to 
eeramate a numerical quantity, the median of individual es- 
Mmunatles is the most Wseful index tried to date [11]. Thus, 


Mtere 15 MO particular attempt Co arrive at Unanimity among 


IS 








the respondents, and a spread of opinions on the final round 
is the normal outcome. This is a further device to reduce 
MOU pressure mpoward cont Ormisnye 

A typical exercise is initiated by a questionnaire 
which requests estimates of a set of numerical quantities, 
pee., Gates at which technological possibilities will be 
realized, probabilities of realization by given dates, or 
Jlevels of performance. The results of the first round are 
summarized using the median and the interquartile range of 
the responses. The interquartile range is the interval con- 
taining the middle 50% of the responses. The results are 
then fed back to the participants with a request to revise 
the first estimates where appropriate. On succeeding rounds, 
Mme Tai ViLaUaLS Whose answers Geviawe indw@eccly =mrom Ure 
median, e.g., outside the interquartile range, are requested 
to justify their estimates. These justifications are sum- 
marized, fed back, and counterarguments elicited. The coun- 
terarguments are in turn fed back and additional reappraisals 
fPollected. 

ine pringaeles involved 1m this precedire Can Timether be 
G@eseribed by referring to a hypothetical example. Consider 
eeeiauiry anto the future of automobiles in which each memn-— 
ber of a panel of experts is asked to estimate the year (if | 
ever) that they expect electric cars to capture ten percent 
of the automobile market. 


The initial responses might consist of a set of estimates 


Spread over a sizeable time-interval, i.e., from 1973 to 1998 


Ihe 








with a median of 1990. A follow-up questionnaire feeds: back 
to the respondents a summary of the distribution of these 
responses, stating the median ang @— eas an indicagien ot sca. 
Spreads Of FOpIniens = the Interests rane ee nee sen 
dents are then asked to reconsider their previous answers 
DiC wick CCM tiicy So desire. If a new response lies 
euvside the interquartile range, the particular respondent 
ms asked to state his reason for thinking that The answer 
Baoerrd benthavemuch lower, orsthab muchyhagher, thanethe 
femority judgement of the group. 

acre nemonlcmwen Wustifyie relatively text weme. 1re— 
Sponses on the respondents has the effect of causing those 
Teemoul soronge convictions to move their estimates closer 


—— at = ~ ~ 
Aled 


en Samat teas ~ m_ ew otn SF I im a- Io — = man 
oe SC iC ee, Wie OLrOS tS Wilt 


(b 


a 2000 argu-— 
Ment for a “deviant" opinion tend to retain their original 
eecimaves and defend them. 

In the next round, responses (now usually spread over 
a smaller interval) are again summarized and the respondents 
are given a concise summary of the reasons presented in sup- 
Pert of extreme positions. They are then asked to revise 
mje SeCCOnNad-round responses, taking the preferred reasons 
into consideration and giving them whatever weight they 
monk 1S justified. A respondent whose answer still remains 
wiroldewtne interquartile range is required to state why he 
mmunpersuaded by the opposing arguments. In a fourth and 
final round, these criticisms of the reasons previously of- 


fered are resubmitted to the respondents, and they are given 


Lai 








a last chance to revise their estimates. The median of these 
final responses is then taken as representing the nearest 
thing tO a Broup consensus. In the hypothetical case of the 
electric cars, this median might Eurnm out EO be thes can 
1985, with a final interquartile range from 1980 to 1990. 
The procedure therefore causes the median to move to a much 
earlier date and the interquartile range to shrink consid- 
emaoly, presumably influenced by convincing arguments. 
Bright's text contains an excellent example of an actual ap- 
mercation of the Delphi method [2]. 

The hypothetical example presented above is intended to 
mescribe the basic procedures of the Delphi technique. A 
series of experiments were initiated at Rand to evaluate 


bed ~ 7 r ae J ’ = | ' °° if d ae a Le Pee | re 
eu ON FS rw ry yviws f di, | Ce ¢ dat aye 
UNnes PreGeaur Co mw vO Cup. o cile” aero oO. sue Lee — 


©) 


tion processes occurring in the Delphi interaction [11,12]. 
The two basic issues examined were a comparison of face-to- 
face discussion (Brainstorming) with the controlled feedback 
interaction (Delphi), and a thorough evaluation of controlled 
feedback as a technique for improving group estimates. The 
fesults of the study indicated that face-to-face discussion 
tends to make the group estimate less accurate, whereas, the 
anonymous controlled feedback procedure made the group esti- 
Mewes more accurate. "Accuracy" in this context refers to 
mre distance of the median to the true answer. According to 
Dalkey, the experiment put the application of Delphi techni- 
MWiieoeim areas Of parelal information om much firmer ground 


ier). 
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Of greater long-range significance ewis bie Sins done 
gained into the nature of the group information process. 

For example, Delphi procedures create a well-defined pro- 
eess that can be described quantitatively .. stn particular. 
niemsbudy [ound that the average error Onmeound Ghee vis a 
function of the dispersion of the answers and the average 
Bount Oteeheance cof epanion between round one and round 

two is a well-behaved function of two parameters - the dis- 
mmce of the first-round answer from the group median, and 
the distance from the true answer. 

Another result of ‘major significance is that a meaning— 
mee estimate of the accuracy of a group response to a given 
@elestion can be obtained by combining individual self-rat- 
Meo. COMPSETeNCe™ i Tha quest Len 2rnto =] a cule 
This result, when combined with the relationship between 
pecUuracy and the median mentioned above opens the possibility 
mieeacctaching accuracy scores to the products of a Delphi ex- 
ercise [11]. 

The Delphi technique has been criticized in the past 
because it yields a set of "linearly independent" estimates 
Geis tChe future, i.e., the experts consider each event inde- 
pendently and omit consideration of the interaction among 
meemos. ihe experts unconsciously consider relationships 
emong events, but they do not view the future as a set of 
interrelated Pavia a maton Care Ho wine O Vemun 1s Squat lon 


a "cross correlation" scheme is presently under investiga- 


tion and has been employed by Gordon in a forecasting game 


Ibe 








Gesigned for Kaiser Aluminum and Chemical Corporation [2]. 
To describe this new approach consider that a list of de- 
velopments are forecast with vwarmyimeelevels son voicee wishin 
Vo Occur prior to a given yearuet) ete scece yee ome ieesice 
designated D5 > D5, -++5 D> with associated probabilities 
Pi» Parsee eoPLs then the question can be posed: "If P.>1.00, 
ae D. eccurs, how see Pa» Parsee eaP change"? If there is 
em cross correlation", the probability of individual items 
meblbeyary accordingly. In order to construct the game cde— 
scribed above, a 60 x 60 matrix is reviewed for item cross 
memrelations. lf one considers a forecast with a thousand 
meosible developments and that initial probabilities for 
piaeeeot these are establismed for a given year, it 1s plan— 
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membewing of such an extensive matrix. 

tic Use "Or weompurers fas) also been insvurunenca) sa 
—aiitnating another shortcoming of the Delphi Technique. 
ter example, at the Rand Corporation the JOSS computer is 
used to control a series of simple Delphi studies [2]. JOSS 
is a centralized, general purpose computer which 1s pro- 
grammed to accept English language instruction and has tele- 
typewriter input/output stations at several remote loecaticrs 
mameone Rand building. Gordon claims it is presently feasible 
to include participants located almost anywhere in the world 
mesuch computer controlled interactions. 

The Delphi technique has proven extremely useful for 
long-range forecasting of expected technological and socio- 


logical developments such as political alliances, technological 
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potentials, war prevention cechmiguecr manda comonic sic nee. 
[2]. Results, as noted in Reference 2 for a limited number 
cases, 1mdicaves Consensus Seeisoelomlave Deen sacaurevous 
the forecast was verified, and the potential developments 
which were described provided a basis for subsequent plan- 
mame action. However;”™the reader is cautioned that in 
evaluating such forecasts one should remember at all times 
that they are intuitive. The evaluation must be made with 
fmeeeecs to the forecast's authors, including the director or 
moderator. The moderator has great influence over the re- 
peeees Of the forecast in that he chooses the experts, makes 
Bae initial decision of what events to inelude, and is also 


responsible for all the feedback to the experts. 
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many strengths and weaknesses of the Delphi method, its most 
Valuable contribution to forecasting is its interaction with 
exploratroy and normative techniques. These techniques, 

bya it around the basic Delphi concept, provide a new set of 
approaches for the forecaster and a new flexibility for ap- 
meeaching problems which are not accessible to more direct 
mMetnods of analysis. Taken together they indicate that the 
methodology of forecasting is only now being formulated and 
that in the near future these analytic methods will be 


Bpmarpened, tested, and objectively used. 
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TIT. EXPLORATORY FORECASTING TECHNIQUES 


Ae INTRODUCTION 

Exploratory technological femeeasting starts Trop am pice— 
sent empirical or theoretical basis of knowledge and is ori- 
ented toward the opportunities of the future. This technique 
looks on the future in a general manner and follows the prog- 
fees Ol 2 particular technology or all of technology as a 
mmetionsef time. In other words, exploratory forecasting 
mona logous to writing history in advance. 

Exploratory techniques can be divided into two classes. 
ee irsts,class consists of the techniques which generate 
mew Cechnological information. These comprise two groups. 
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nological and second is morphological analysis. The second 
mmees consists of techniques which structure and process 
maeeet) Cechnological information. These include scenario 
writing, uncertainty techniques, cost/benefit analysis ,op- 
erational models and input/output analysis. 

The distinction between the two classes is important 
and therefore warrants further discussion. Since any complete 
fecinological forecasting PreOe@esg wees (Omi Cll Gemarc clamiccuels 
for generating some of the essential characteristics of fu- 
Meee vecinologies, this aspect constitutes the oldest concern 
of technological forecasting. Jantsch points out that al- 
though it is the oldest, this class of exploratory forecasting 


menol at all satisfactory, and may even be said to be under- 


developed in relation to other forecasting aspects [1]. 
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The other Gill@ss of exploravoryevecia qUCcre Ose ieee — 
turing and processing given technological information, are 
welatively abundant. Jantsch Dprediletse Chev inp omtcmecesnws 1 
increase with the use of large-scale forecasting to evaluate 
large amounts of input data and programmed relationships [1]. 
Pembelieves that this class of explorating forecasting will 
meecin full importance only when technological torecasting is 
Pemuded in future systems OF information technology. 

imme aptcemunc ludes Vdescripylen Of Cac of the pre— 
viously mentioned techniques. The advantages, disadvantages 


me@emapplications of each technique will also be included. 


De EXTRAPOLATION OF TIME SERIES 
1. Analytic Models 

Meriva sean iolimel bi Ve “Cliaieac FOr is uibCSai@ ili) nu seem 
Memenoial or nearly exponential wrowth OVER VuINe es wie sa 
meocequent rlattening when a limit or saturation value is 
approached. For example, consider trends of specific tech- 
niques which enable a functional capability to be achieved. 
Mmeiolly pee vechnigque tends to experience a period or slow 
Peeve. Tt might be hidden in a laboratory at this time or 
Merereod in the patent office. Finally, its potential is 
meeerniized, money and labor are poured in, problems are 
solved, and an accelerated growth occurs. Eventually, 
ie bing factors are encountered, Ghee revel race Cecelen— 
meee and the curve asymptotically approaches some upper 
value. Explicit examples of this phenomena are presented 


imcoronological order in the following paragraphs. = 
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The extrapolation of Time series const iuuves per 
haps the principal quantitative. uccm Ve hich oan erereemnc 
to technological forecasting. The slope of the curve is 
usually forecast on the basis of a subjective beliel, at 
lieeast over short or medium time ranges that the growth law 
@ieecie past will also determine the future growth. Fire 
quently this belief that past is prologue is called naive 
feeccacting. §“fhe simple models presented in’ tTais section 
are intended to link the shape of technological growth curves 
memouch factors as time in the hope that the generalization 
feomeved will yield a useful tool for quantitative trend ex- 
Peapolation. 

According to Lenz, attempts to develop a theory ex- 
eee, Wo TS Chg CAL Bee ress STeUlLa “pegoceeG sme Saeeiien— 
tial manner date back to the theory advanced by Henry Adams 
[13]. Adams compared the acceleration of progress with the 
feerect of a new mass which is introduced into a system of 
forces (previously in equilibrium) to accelerate the system's 
motion until a new equilibrium is established. The accumu- 
lated information is analogous to the distance traveled by 
the new mass; the rate of information gain is analogous to 
the speed; and the second derivative of information over 
time is analogous to an acceleration which is assumed con- 
feeont. Adams further remarks that science is doubling its 
complexities every ten years, which is equivalent to an ex- 
Pem@crntial model of technological progress. 

Hartman derives his model from a simple analogy 


With reaction processes in a gac [1]. In Hartman's "gas", 
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the molecules are scientists and pieces of information, both 
occurring at a given volume density (N scientists per cubic 
foot). The "scientist molecules" do not move significantly, 
whereas the "information molecules" move with assumed constant 
wemecity in random directions. A useful reaction, i126.;, the 
generation of new information, is supposed to occur when the 
scientist molecules have a "reaction cross section" on being 
hit by the information molecules. The “reaction cross sec- 
mien is simply the target area of scientists for the genera- 
tion of new information through collision between the two 
types of "molecules." 

tie sim lOrMatl Onset tA unio medal "depends ormeu me 


amount of ainiormation already available and this fact closely 
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meee vechnological results. The author of this model assumes 
ideal communication between all investigators and all sources 
of information. He further assumes that every opportunity 
mmesented by this communication can in fact be exploited. 
Both of these assumptions certainly do not hold for the 
Overall growth of science and technology where communication 
menot ideal and where far more opportunities for the produc- 
tion of new information exist than can be followed up. Con- 
sider, for example, the simultaneous discovery of a new 
theorem by two mathematicians working independently of each 
other. However, Hartman's model may be a useful approach to 
research and development in a specific field or within a 


small research team. 


aD 


In addition, it is this) aummer SVopinion tiaras 
model also has the advantage of flexibility with respect to 
peocssible refinements. For example rile ssc sol estas aca 
Sascribuecions for the factors Pakearas cons lane er memoria 
ple model. 

In another model, Lenz proposes the use of Pearl's 
mermmwla to deseribe biological population growth as a func- 
tion of time in a limited environment [13]. The biological 
Drocesses investigated by Pearl were the rate of increase of 
fruit flies within a bottle, the rate of increase of yeast 
Peas in a given environment, and the rate of cell increase 
ma@ewnite rats. 

Fach of Pearl's examples follows the same simple 


Mathematicai law, namely, 


le 
O 


" 1 + a exp(-at) 

wnere P is the population or cell mass at time ft, was the 
population at the beginning of the experiment, and A anda 
aee constants. If this law is applied to the generation of 


new information the following interesting analogy results: 


tT = L 
1 + B exp(—bt) 


where I is the accumulated information (state of knowledge) 
eyeevime t, L is the upper limit of information due to some 
Memsetraint, e.g., an individual's Intelligence Quotient (10), 


and B and b are again constants. The constant B fixes the 
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pOSition of the curve in the tadencimensie i 6. emia 
ference in B means shifting the curve to the right or to the 
left. The constant b fixes the slope of the curve. 

One of the advantages sot suis ome Logica imta dee os 
explained by the fact that it yields a symmetrical S-shaped 
curve without any further assumptions concerning the given 
constraints. Thus, with the knowledge of an ultimate limit, 
tome complete curve can be extrapolated on the basis of a very 
short time-series. The critical point of this analogy is, 
eeecourse, to know which scientific, technical, and func- 
tional parameters, if any, can be expected to follow this 
simple law precisely. Prehoda comments that S-shaped curves 
apply to such diverse situations as the market sales of a 
MeaemerriOvacion, milivery oui le=-Go in me force of wer eel cee! 
threat and tax trends [14]. 

Another interesting aspect of the biological analogy 
iemenat it identifies natural stages of development, which 
succeed each other in an orderly fashion. That is, from 
gestation to maturity there are many intervening processes 
which cannot be eliminated - nor can they be accomplished in- 
stantly - regardless of motivations or incentives. The life- 
cycle analogy, therefore, seems to have a considerable degree 
Seco ility as regards the ordering or structuring of events. 

However, the analyst must recognize this analogy 
carries with it the erroneous implication that each technology 
has a "life" of its own, and that its evolution is governed 


by some internal dynamic law with stages of fixed length. In 
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fact the transition from one stage toe another may inssome 
cases be so rapid as to be almost unnoticed. It may happen 
that a technology approaches maturity for a specialized mar- 
men much faster than it does immer nememarkers . Moreover: 
change need not always result in progress in the forward 
direction. Instances of regression have occurred where a 
@eehnology reverts to an earlier state as a result of de- 
velopments in other fields. For example, Ayres cites the 
example of early nineteenth century robots which were al- 
lowed to lapse, only to be revived again in the twentieth 
eearury [4]. 

An examination of the models outlined in this sec- 
meen leads to the conclusion that no model has so far suc- 
foes 1 LAKIN Tinto “AecOunePmore Than So aioe Moreen oO: 
influencing factors by assuming relationships that are gen- 
erally improved or not known in detail. No explanation has 
yet been given of why growth trends in technical parameters 
Mame unctional capabilities should be directly proportional 
to the growth of accumulated knowledge. They may in fact 
Pemmeroportional to the logarithm of the accumulated Know- 
ledge. The principal usefulness of such simple analytical 
models may be seen to lie in their making visible the in- 
fluence of external factors which are responsible for the 
Memecionship between technical progress and time. 

" 2. Phenomenological Models 


An obvious method of technological forecasting is 


CO assume that whatever has happened in the past will continue 
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Bo happen in the Tubure, provigdedeolavcoulrs co are re aia m une 
Ma, or disturbances. 1[t is NavinaielOe ler ee (emer Cem biem 
Bude hor fTulure expectations anda tne Orin wer eweeow au. 
tested based on this past experience and found to "fit the 
observations," the most subjective confidence can be ob- 
paumed. This increased confidence can, moreover, be expres— 
sed numerically regardless of whether or not there is any 
generally accepted theory to explain the observed relation- 
femo., For example, if it is known that the crime rate has a 
meh correlation with the phases of the moon, this informa- 
mom COULd provide valuable information to those who are 
responsible for the scheduling of policemen. Before a 
numerical expression can be derived certain basic charac- 
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Mest ics need to DC SSvapiscne:. Firs 
meeuay Should be capable of being quantified as a ratio 
epee. oecond, the trend, i.e., the relationship, should 
have a significant effect in the area being forecast. Third, 
mmeewe base should exist on which to establish a trend line. 

several types of trend curves which describe a re- 
lationship between a parameter and time have been presented 
by Jantsch [1]. He divides trend curves into five classes 
which are illustrated by the accompanying sketches and ex- 
amples. 

The first class, linear increase with flattening, is 
Peewn in Figure 1. The efficiency of thermal power plants 
fed lls these characteristics and the mechanization of human 
work expressed in terms of the decrease in annual working 


wees per man has also been linear over the past /5 years. 
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PARAMETER 


TIME 


ine siecond eclass., exponential inerecasewiGi. ao wt leg 
mening in the considered time range, is shown in Figure ed. 
These characteristics are exhibited by a number of functional 
Capabilities. For example, the maximum combat aircraft speed 
Or the maximum transport aircraft speed up to the planned op- 
Peenitonal availability of the SST. The almost precisely ex- 
ponential increase of energy conversion efficiency (lumens 
per watt) in illumination technology from the paraffin can- 
dle to the gallium arsenide diode seems to suggest that a 
iMmmetional capability can follow a class 2 trend until it 


abruptly hits a limit - the gallium arsenide diode's effi- 


ciency is already close to one. 
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The third class, the S-shaped curve, is shown in 
meeenies 5, Apart from the logistec curves discussed previous-— 
ly, one may also find S-shaped growth curves which can repre- 
sent GompertZ'law. This law describes growth phenomena in 
meme areas of economics, such as income growth. In contrast 
femeecari's law, Gompertz’ law represents a non-symmetrical o- 
curve. 

Time fourth class, double exponential or steeper in- 
crease, with subsequent flattening, is shown in Figure 4. 
igese characteristics hold for some functional capabilities 
in areas of concentrated research and development. Two ex- 


amples are maximum speed attained by man and operating energy 
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Figure 4. Double Exponential Or Steeper Increase with Sub- 
Sequent Mlavvening. 
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ih Parc eclesacce leracorms. It 2sSe2imibewes Lane oO snecem uma t 
operating speed of commercial computers would also belong to 
id ouec Laaa. 

The fifth class, slow exponential increase followed 
by sudden and rapid increases tiga vente) Saket tSmaeae Ses 
shown in Figure 5. This type of curve applies to the maxi- 
mum explosive power available for delivery at a distance. 
The very steep rise is, of course, mainly due to the advent 
eeenucilear fission and fusion weapons. The flattening of 
mie curve is caused by the effective limit of utility at ap- 


meeoximately 100 megatons rather than by technical limitations. 
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TIME 


Pigure 5. Slow Exponential Increase Followed by Sudden and 
Rapid Inerease with Eventual Flattening. 
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Trend evaluation and extrapolation on a simple 
phenomenological basis has become a widely used technique. 
It provides a first answer to the question of whether a 
specific goal has q@ reasonable chance of being attained by 
the same mechanism which produced past progress. Two re- 
finements of trend extrapolation can be applied with con-— 
mecerable advantage an suitable cases: forecasting by 
analysis of precursive events, and forecasting by envelope 
curve extrapolation. They will be discussed in the follow- 
mee paragraphs. 

Forecasting by analysis of precursive events uses 
the correlation of progress trends between two developments, 
Sie Of which is leading the other. Lenz has stated that if 
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ong-range 


ee 


Mie vilne lag i8 SUELiCLentty longs 4a userul 
cast is possible [13]. He gives an interesting and plausible 
example, as shown in Figure 6, of a sequential relationship 
maeene correlation of the maximum speed of military aiwmcrart 
omcnie maximum speed of commercial aircraft. 

The two se ee nts are Logically related to gach 
other in the way depicted. That is, the research and devel- 
eement effort applied to combat aircraft eventually bears 
iment 19 the transport sector. It should be noted, however, 
Wey Such a simple correlation is valuable for forecasting 
only insofar as the leader-follower relationship is main- 
tained. This relationship has undergone several changes in 
imme eCXanple cited above. Civilian transport development , 


for the first time, has recently received substantial support 


Meo bie Bovernmenv. With the cancellation of the Sol program 
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ang the recent problems in military Scos veo Ceca nea lememena 
curves and the correlation between them is a matter of great 
Speculation. 

Ayres, who has treated envelope techniques in the 
greatest depth, states that envelope curves are hypothetical 
curves that describe the maximum performance available for 
poe parvicular functional characterisvic, regardless of the 
configuration of the device which is employed [4]. The defi- 
fPovion of an envelope curve is best presented by means of 
mr aliustration. Figure 7 is a plot of the maximum energy 
available from high-energy particle accelerators (atom 
smashers) [2]. Typically, each new type of machine takes 
the lead for a short period of time and then, because of in- 


es ory ey VTs3ne34 i rye Oru ni, We aH «3 MN Ea On On A= arg @* te 
Zz i 2a we Bb aA wa Sig Oe Pretend Ox A arety Oe Eo 


meee tim Les , “1 ee ey 
improvement while a newer invention escalates to a higher lev- 
el. The "envelope" is a curve which approximates the general 
feend and is tangent to the individual performance tCrends. 
Envelope curves can be used to enclose the indivi- 
dual S-shapred curves and then to extrapolate a projected 
momee of the capability rather than a single-valued projec- 
meet. Livingston has stated that envelope curves can yield 
more reliable forecasts than those approaches based mainly 
iieetl consideration of the projected capabilities of a aoc ee 
techniques [2]. The logic involved here is that if the fore- 
Beever, say in 1950, looked closely at the capabilitiés of 


Pemewn cLechniques for particle accelerators, there limits or 


meri ers would be fairly visible. On the other hand, the 
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muLure innovations Or break througme woul dee sine em Gilt ane Vlmee 
me enot impossible to see. The resuitawoula. mest like lywice 
an overly conservative forecast showing an incorrect leveling 
oer. in envelope extrapolation Ene vourden of ree? vis 
shifted and the forecaster assumes that progress will contin- 
ue within the envelope range unless a definite limit or per- 
turbation can be identified. He asks what might cause the 
Somuinuation of invention, not what detailed harcware or tech- 
nique will be required (engineering development). The tech- 
nique of envelope-curve extrapolation presents an interesting 
meeposition which can cause forecasters to change their ap- 
proach to the analysis of a forecast area. It leads to a 
meoader Viewpoint that forces an analysis of limits and at 


Meemecane LFIMe BromoleS an amalys:s Qe faueas I2CTOVS aeitae 
upon the system. 

The tanal technique Co-be discussed im this secelon 
is mathematical trend-fitting. These techniques have been 
developed with the use of well known statistical techniques 
and are widely employed in economic forecasting.. Trend fit- 
mas Can be simplified by determining first to which class 
meerven trend belongs: linear increase; exponential increase 
or S-curve. If the empirical data to be used in making the 
Mees7ections are from a reliable source, the appropriate equa- 
Pres irom the first step may be used in conjunction with the 
method of least squares to project future values of significant 
parameters. 


The method of least squares fits a straight line, 


parabola, or higher degree polyrc-mial to a given set of data. 
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itespecities that the best Tit fer a@ypolynemial of yeu ven 
eemrec results when Ry the sum Of (vgegsduaGes Ole Glew mesa cau culicr, 
is a minimum. It is assumed that the values of the indepen- 
dent variable X., are error free. The residuals are defined 
as the distances between observed values of the dependent 
variable Yo > and the corresponding y values of the curve 
being fitted, measured parallel to the y-axis. 

To determine the parameters (constants) of the de- 
sired polynomial a set of normal equations is derived by a 
squaring and minimizing process. For example, if f(x) is 
pee raighnt line, y = a + bx. The ordinates of the straight 


line being fitted are a + bx. The summation becomes: 


1g | 
R = Se [Mee tea te hee | 2 


Were Nn is equal to the number of data points. 

The most common method of trend prediction makes use 
@erenression analysis. If two parameters X and Y are to De 
related to each other, one postulates a relationship between 
them, for example y = atbx, and minimizes the total error 
for a number n of observed pairs (X, 5.) by the least squares 
method. 

By SsetCGing the first cderivative of R equal @ee@emzerc.: 
One gets the necessary condition for the minimum. Solving 


fem the least squares estimator of the slope yields: 
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Once the estimated slope, b, is Known, the estimated inter-— 
Ceol, a, 15 easy cOmeconpure: 


a= yo bx = — 


Extrapolation of time series using phenomenological 
models is likely to be the best method of forecasting when- 
Seer most of the data is historical and exhibits definite 
trends in its development. In general, the startling and 
Meexpected will not be forecast. Because it is analytical, 
trend extrapolation keeps the role of the forecaster's bias 
at a minimum. Attempts have been made to eliminate all fore- 
caster bias by deriving mathematical expressions for the 
paeewth of technology (see Section 1). While it is true that 
Pae frowth can often oe represented by an analytic model, as 
fee no particular successful analysis has taken place. The 
eecuation is far too complex to be modelled successfully with 
Mmeesenit-day technology. Thus, in practice forecasting still 


proceeds with the trend extrapolated manually. 


C. MORPHOLOGICAL ANALYSIS 

Peend extrapolalion and contextual, Mapping Benerave new. 
maoush more or less inaccurate, information about specific 
functional capabilities or parameters or simple parameter 
fembinations. They do not yield any information about the 
nature of functional technological systems. The morphological 
method, on the other hand, was developed by Zwicky for iden- 
meying, indexing, counting, and parametrizing the collection 


of all possible devices to achieve a specified functional 


Capability [4]. , 
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In his own words Zwicky states that: "The morphologi- 
Pabeapproach to discovery inven tiem cca Cle © eile wacniee 
tion has been conceived and developed for the purpose of 
dealing with all situations in life more reasonably and more 
eerectavely than hitherteome This temaehievedmenrough the 
study of all relevant interrelations among objects, phenomena 
and concepts by means of methods which are based on the ut- 
fest detachment from prejudice and carefully refrain from all 
preevaluations." In other words, technology is considered as 
a system with various components. Each component is consid- 
ered in all its ramifications and then all permutations are 
considered. As a result a set of "inventions on paper" are 
derived which may be considered as possible results of the 
Memeo. OSy. ‘Lnis QAporcach orevives g WevnoG Cr Sysevemarieaity 
ereoloring all available opportunities. 

Pema s tae OOViOUs apo lLCaeplon Of vais Techni auewis im 
Mmiemonalysis of tpeehnological opportunities. Apart from the 
Chance of using the scheme to anticipate actual inventions, 
maere 15 at least a possibility of parametrically character- 
fame the oplLimum configuration for a particular mission or 
task. 

Peein, to quote Zwiecky [1]: "“Trere are, in particular 
three types of generic problems which the morphological ana- 
ies attempts to solve. These are: 

How MUCH IMtGrmablen about 4 Cerralnm lami led Ser or 


phenomena can be obtained with the help of a given class of 


@evyvices? Or, stated differently, what devices are necessary 
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to obtain all of the information Gbeureeeesiveneser ote ehienen— 
ena? 

What is the sequence of all effects issuing from a cer- 
tain cause? 

Deduce all of the devices of a given class, or all of 
the methods of a given class or, generally speaking, all of 
the solutions of a given definite problem." 

An answer to the second question is found in the 
relevance tree technique, which will be discussed in section 
mere. 6h The 6vthird problem is the crucial one for exploratory 
forecasting and will therefore be discussed here in greater 
detail. 

Jantsch summarizes the step-wise solutions to a generic 
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First, an exact statement is made of the problem that 
is to be solved. For instance, one may wish to study the 
memepnological character of all modes of motion, or of all 
possible propulsive power plants, telescopes, pumps, detec- 
mae GCevices, and so on. If one specific device, method, or 
system is asked for, the method immediately generalizes the 
inguiry to all possible devices, methods or systems which 
provide the answer to amore generalized request. The task 
@erormulating the initial statement or definition of the 
problem on hand is exacting. Zwicky affirms that "one is hard 
put to find in the existing literature satisfactory defini- 
tions of well-known devices like telescopes, pumps, and so 


orl. 


He 


meecond, the exact statement Of etner pron om eto sve oad, 
or the precise definition of the class of subsystems or com- 
moments to be studied, will reveaiseemeonariea liane ip er— 
mame characteristic parameters One@yaren the Solon coterie 
mmeonlem depends. Wor instance> iGneuvmewcase ol teleseopes, 
some of these parameters are the location of the telescope 
(medium in which it is embedded), the nature of the aper- 
ture (A) and the recording device (R), the nature of the 
mmemzes to which the light is subjected from A to R, the 
motion of the telescope, the sequence of operations, etc. 
ies second step thus involves the study of all these signifi- 


cant parameters. 


third, each parameter P. will be found to possess 4 
fa a ey 2 paifcce ec) ao ee e a Sea a . Pao cee eae gO. St Nd Pa ee al 
Perera. fs We Ga eee a LYS eertaeiL  Lrreeaeci1 bye Viti oy. 

i . ee 
2 k i" . tt 
Be, ->P.. For example, the parameter "motion" of a tele- 
: a 2 sae 
scope may have the independent values P’, P-, P~ = transla- 
e s * e | 5 6 ee s 
ime 1 three directions; P , P~, P = rotary motion; etc. 


iijese matrices are written in the following scheme: 


k 
a Z a 
k 
Mi Zz 2 
di Z 
2, Pa? cal i 





If one element is encircled in each matrix and all the circles 
eae connected, every resulting chain of circles represents 


eme possible solution of the original problem. 
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It is exceedingly essential ther Upeve cis poaniene 
question be asked as CoO what Value were woiemem > cacti sc limes 
may have. Such premature curiosity almost always defeats 
the unbiased application of the morphological method. How- 
eer, once all of the solutions are Wound, one ust knew ches, 
relation to any given set of adopted performance values. 

The fourth step in the morphological analysis is the 
@ewermination of the performance values of all of the derived 
mere ions. The performance evaluation must be carried out 
mame universal basis if one wishes to avoid getting Lost in 
PememOrmous contusion of details. This is not always an 
easy task. 

ine firth and final sstes invelves the choice of par 
eee yy UR GI Pan be CO CC oS Bee ea Pee oe, 
the conviction that all solutions can be realized, indepen- 
fae Ol time, is inherent in morphological thought. since 
time is not considered, morphological analysis is not a fore- 
memeeocr Se, buc it 18 a useful organizing tool, a source 
Seeansights and a starting point for further analysis. 

fine basie method and 1tS variations can best be explained 
moeverms of a specific illustration. Figure 8, which utilizes 
Meemenatrix Structure discussed under point 3 above, comes 
meen 2wicky himself. He focused attention in great detail on 
mae CLOtality of all jet chokeisL gers; (@yeissaehoiljaies | abou) jenbiarte, medium 
(vacuum, air, water, earth) containing simple elements and 
being activated by chemical energy. 

There are 36,864 combinations of the above pure-medium 


jet engines containing simple elements only and being activated 
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ley chemical energy: However, theres awe em evoennie aia — 
strictions which reduces the number of possible jet engines 
to 25,344. For example, the distinction in Figure 8 between 
internal and external is meaningless for the case of zero 
thrust augmentation. Obviously many of these permutations 
have never been tried out or even thought about, i.e., they 
have not been "invented" yet. Even if we disregard jets 
designed to operate in water or in the earth (hydrojets and 
terrajets), there remain more than 10,000 possible configura- 
tions of which only a small number have ever been given serious 
attention. 

The example marked in the matrix above by circling spe- 
mere parameters is the interplanetary aeroduct or ramjet. 
memeky Pemarks, that “che principal scint et iMTcePrest is tne 
presence of the element eo. in the above matrix. It means 
that the chemical energy is derived entirely from the sur- 
rounding medium and that the jet engine operates although it 
does not carry any propellants with it at all." One way to 
eemieve this characteristic is to make use of the sun's 
energy which is stored in the upper atmosphere in the form 
of excited and ionized atoms and molecules. The inclusion 
of a jet which conceivably might use this stored energy would 
stimulate research, to find out about the nature and number 
Smeecine excited particles and research in the possibilities 
of de-exciting the particles and using the energy gained in 
aeroducts, aeropulses, and other devices for the generation 


Of propulsive power. It is believed that such gradual and 
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and continuous acceleration might wl timate provemuoente 
superior to the use of nuclear propusstenwtor spaces aioe 
leaving the earth. 

The praetical application of penicemerpiele si ca liner: ined 
is conceivable over a wide spectrum. It allows forecaster's 
to see important interactions between various branches of 
Bemence, such as physics, chemistry, biclogy, etc. Fre- 
ee@entliy a modest advance in one discipline may have a dynamic im-— 
Peet on a seemingly unrelated branch of science. The basic 
eer eude of this technique can certainly be found in many 
memms Of Technological planning. The full-size application 
feeeunis technique as it has been practiced by 4wicky,; has 


had considerable success in rocket and jet fuel development. 
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able and even went so far as to investigate the possibility 


of changing planetary orbits to make them habitable. 


Dy. SCENARIO WRITING 

The term "scenario writing" denotes a technique which 
atvvempts to set up a logical sequence of events in order to 
show how, starting from the present, a future state might 
Seeeeve step by step. The purpose of a scenario is not to 
meeaiect the future. It refines information on the forsee- 
able "climate" for various branches of science rather than 
outlining probable technological achievements. Prehoda 
meeooes tial Many of the bestescience fiction stories are 
based on refined scenarios, and some science fiction authors 
mae Deen @O00d bLechnolopzical forecasters, e.2., Jules Verne 


4]. 
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Perhaps the most authoritative discussion of the purposes 
and values of scenario writing may be found in the writings 
of Herman Kahn [15]. Kahn cites two advantages worth noting: 
Pirst, scenarios are an effective tool to force the analyst 
mo plunge into yehe unfamiliar amgieaprdly changing world py 
smamatizing and allustrating the pessabilities they teers jon. 
pecond, scenarios are an antidote for concentrating exclusive- 
iy) on the forest and ignoring the trees. They force the ana- 
mao to deal with details and dynamies which he might easily 
avoid treating if he restricted himself to abstract consider- 
meons. Typically, no particular set of the many possible 
sets of details and dynamics seems specially worth treating, 
So,none are treated, even though a detailed investigation of 


——— Poot) kali y ig a es i -_ a TR ees a ee , * =I 
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Kahn himself warns of the dangers that may arise from 
mime use of scenarios to guide and facilitate further thinking 
moe analysis. Specifically, the initial conjectures might 
Grroneously be assumed to be sufficiently correct to lead to 
scenarios with some content of "reality." However, as Kahn 
remarks, "a specific estimate, conjecture, or content, even 
iieeitt iS later shown to have serious defects, is often better 
men &@ deliberate blank which tends to stop thought and re- 
search." 

An interesting version of scenario-writing, combined 
With cost/effectiveness analysis has been given by Ayres in 
the food production area [16]. Essentially it attempts a 


MoariLecalecvaliiaticon @f the fundamental elternavaves (cuca as 


non-photosynthetic energy sources) on economic grounds and 
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in broad contexts ~- resulting in the rejections of some much 
@iscussed, technically feasibie Soturtonc He polniesomeous 
Chat this approach merits particular attention in the area 
oe ‘social engineering.” 

Scenario-writing is also applied by several of the big 
ea. companies which are deeply anverested in future eccnomic 
political, and social environments [1]. It is also applied 
Dy Honeywell to determine and assess higher-level goals and 
missions for their PATTERN scheme. PATTERN will be discussed 
moecne following section. 

Revariation of scenario writing -—- But having Che aim of 
emulating "reality" is iteration thremgh synopsis. This 
Mmewmod consists of writing scenario'’s in six different fields 


- Fo» ome amp) ae ~~ ile F; a = «+ «© ' 7+ 
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(Gemography, psychole 
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economics) and subsequently combining them. The individual 
Seenmarios, especially the economic one, could be partially 
derived by more rigid techniques such as econometric or 
Seavuistical analysis. 

In the Department of Defense the study of future poten- 
tral threats by scenario-writing is a major activity involv- 
ing annual expenditures in the millions of dollars [4]. 

Pmt lar scenario studies are carried out by NATO and other 
agencies. Although consideration of the potential impact of 
technological break throughs on the future military - politi- 
eae —- Social environment, via scenario-writing, is nov 
currently a major component of the above mentioned activities, 
meenmas Shown tremendous potential for future forecasting 


exercises[4]. 
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ee UNCERTAINTY TECHNIQUES 

Technological forecasting is, by definition, an area 
deeply concerned with uncertainty. However, too often the 
forecasts that are presented to decision makers fail to in- 
smndaean explicit description of thewinnerent Uncertalimumes. 
Three techniques developed by Research Analysis Corporation 
are described that can be used to convey such information 
to decision makers [2]. They are based on probability 
mm@eory and permit the construction of probability distri- 
meerons Of Total projects from the distribution of individual 
Moarameters. 

The basic assumption of each of these techniques is 
maeae Lorecasting inputs such as growth rates and R&D costs 
@en be Ccomsidered to be random varFlepltes "ich nave wmab— 
abality distributions. The techniques then combine these 
festcributlions in accordance with the equations of the par- 
meeular forecasting model to produce probability distrmbu— 
tions instead of single point estimates for demand and/or 
Seeapability projections. The techniques, which differ only 
in method of combination of distributions, are enumerated 
and briefly described below. 

The first technique derives the moments of the distri- 
bution curve. The moments are a set of mathematical proper- 
Wires which are capable of completely defining a particular 
distribution [1]. Moreover, these can be combined by certain 
mathematical formulae to produce corresponding moments for 
ae scOmOmmar lol Ot sums and products Of curves. Inis= tTecuni— 


ue Can be used to convert user-specified parameters to the 
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moments of their distributions; combamewenecse Momence rk — 
manner specified by the forecasting model; and reconvert this 
eombination of moments to The ils tripurimonei ty describes. 

The second method is the Monte Carlo technique. In 
this method, many iterations of the same forecasting model 
are run, each of which changes the inputs of the model in 
eecordance with random values drawn from the probability 
distributions of the inputs. After a number of such itera- 
tions, a frequency curve can be developed for the model's 
SME Puts. 

Lie. VinitiedmeaiGet Viel techn GWen ls Sead led es ime tin Cap — 
proximation. This method employs the same basic approach 
meetne derivation of moments technique, but utilizes certain 
Beem matdIaas rcolationshipves LC Cee TiS Bec Gem Ge cime 
Seesouributions. To date, tests at Research Analysis Corpora- 
mon have been run utilizing Beta distributions. This is 2 
type of distribution which, in its symmetric form, resembles 
emoounded normal distribution. However, it differs from 
the normal in that it can reflect skewness or flatness - 
traits which often prove valuable for expressing uncertainty. 

Hor ali three bpechnigucs the User must select 2 mee 
likely value (presumably this would correspond to the input 
mgact the user would specify if producing only a single pela 
projection), the high value, and the low value. In addition, 
the user selects a type of distribution from a fixed set of 
distributions which can be described qualitatively in terms 
of skewness and variance. With these user-specified 


parameters as inputs, each techrique ean produce proba- 


Metpy  Gilstributions for the PLos,ectulLons Willem. “result 








feom the particular forecasting me@de iow les cipp llc mycelaimeeemlaT 
to illustrate the way these techniques cam be empleyed by a 
jmerm for technological forecasuumc. 

Suppose a manager is interested in estimating the costs 
ema missile airframe. The missile is not yet designed or 
meailt, so no production-cost data are available. The cost 
group has placed the airframe cost at $32,000, but the de- 
ame Sroup has warned that additional sophistication might 
Meise costs above this prediction, and that improvements in 
some manufacturing tecnniques hold the promise of lower 
Costs. Calculations provide estimates as low as $26,000 and 
as high as $45,000. Each of these calculations is based on 


meter Of assumptions concerning labor andmoverbead ratese 


Meeoerial cOSts in tUme future, ane des TSM cCetlel is wits sac 
Meee Yet firm and are subject to some uncertainty. After 


Pensidering each factor, the analyst enters his final es- 
timate as $36,000. Obviously, with a single-point estimate 
Mme analyst is not telling the hypothetical decision=maker 
atl he needs to know to make a rational decision. 

If the reasoning that fixed the relevant range of costs 
meepeo ,000 to $45,000 could yield information on the probabil-— 
ities of occurence, the techniques described above could de- 
femop the missing information. From this information, 42 
maeeebility distriburion for Costs of the airframe could De 
developed. When combined with similarly determined distribu- 
mis Of Other COSt Components, total missile cost could be 


obtained, or even total system cost if other equipment is to 
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be costed. The techniques would produce statistical measures 
of the distribution of total cost \sineiluaine Theses eane 
weriance. It would also provide amerapnical@ display cieene 
votal cost range implied by the uncertainties associated with 
the input parameters. 

Caution is necessary in using these techniques. Two as- 
wenooLons are made that may not be valid in every Situation. 
itee first is that the user can, in fact, specify a distribu-— 
mom cype and the required parameters of that distribution. 
mers assumption highlights the twofold nature of the problem 
the decision-maker faces. He must first obtain the inputs 
feeguired for the specification of the d&stribution and then 
Memmust process the distribution into a form which is useful 
Mor tne decision-makcr. Tne SeCuend Base UiSeTIOm Be Thai wae 
input variables are independentor that their dependence can 
be made explicit. Research in this latter area has produced 
emoumber of ways of determining such explicit relationships 


ee nas not eliminated this constraint altogether [2]. 


ie COST 7 Se HI Veleceies 

Cost/benefit analysis does not add any new information 
momveochnological forecasting. However, it is used to trans-— 
jJate estimates resulting from technological forecasting into 
economic terms. Cost/benefit analysis in the context of 
technological forecasting is thus a special technique for 
bmmcine vogether a vertical and a horizontal forecast to form 
ameantvepral forecast. This process makes possible an inte— 
gral view for BSc easioncneeeneainy placing the vertical and 


MOmmZenvelweltors on the same basic. 
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The vertical forecast, usually attempted at the advan-— 
ced development stage and again at the engineering stage, 
provides estimates on the development Gime and costs, pro-— 
duction and operating costs and other operational character- 
istics. The horizontal forecast provides estimates on sales 
ema profits as a function of time. Risk factors may alse 
be estimated for both the vertical forecast (technical risk) 
and the horizontal forecast (commercial risk). As one might 
Praeect, the combination of the two forecasts gives cost flows 
eed function of time. 

ineamdustsays there are several performance indices sor 
which the most widely used in "return on capital investment" 
[1]. This is not, however, a uniquely defined concept, since 
Mitesc arc 2 rumber of Gipfetenv met heee "er TeAsirane Severn. 
This approach does not consider time explicitly and the ef- 
imrer Of interest gained or lost over time. Although it 
Meetlects this very foundation of business thinking, it is 
widely used on the assumption that the time factor can be 
Menken into account in an indirect way. 

Costs are, of course, fairly well defined and straight 
ferward in many instances, but not so benefits. In the case 
of private industry it is only necessary to consider benefits 
to the corporation, although in some cases a very broad view 
iter be taken as to what constitutes a benefit. Regarding 
public fives tncnits .. Ghee therounei@amaniGs sll Le Necessary to 
identify all the beneficiaries, as well as those who may be 


injured. In too many instances benefits are computed on the 
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basis of considering only 24 [fracticommoteuie —-isectcuon 

part of the population, end 1enorine sete eres le) Ole e comierher 
it is standard practice for highway departments to compute 
the benefits from highways only for road users, totally dis- 
regarding the hidden "negative benefits" affecting other 
segments of the economy. 

One of the best means of accounting for the time fac- 
tor in cost/benefit analysis is the method of calculating 
me oresent value of a future income stream. The question, 
in another form, is: What should one assume for the effec- 
Cive forward discount rate r? In words, the discount rate 
is essentially the expected rate of appreciation of alter- 
native investments currently available. The present value 


cmd 
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hy 


ULUrO DeNnerivt ls the amaCtuet of TOncy Gye, =n vegroa 
av r percent per annum, would ultimately produce a yield 
equal to the projected benefit. In the case of very long- 
term projects, such as reservoir's and dams, whose benefits 
must be computed over a time horizon extending 50 to 100 
Mears into the future, it is easy to see that the calculated 
benefit is extremely sensitive to the discount rate: the 
lower the rate, the greater the benefit. 

The basic expression of the "continuous" approach is 
the present net value P' of each incremental cash flow C(t) 


at time t' (counted from t=0 for the present): 


ee: t 
eo = ie) ee ee. 


Integration over time yields the net present value of the 


Proj} ect: 
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where C(t) is the cash flow (or income) per unit time at 
future time t. In general, C(t) is negative for the first 
few years after the initial decision to invest in a new pro- 
meet with positive contributions vecrrecsponding to pieetits 
Coming later on. Because of the rapidly decreasing expo- 
Pencial feeU.O te eimemb. a project with a large but long-delayed 
meyoif may have a present worth much less than one whose re-— 
turn is smaller but earlier. The above equation for P(r) can 
Mew set to zero, so that it holds for break-even conditions 
and solved for r, which then represents the inherent rates 
of return of a project. One could then compare the inherent 
Melo tne ZLVeN Lin Vater Bives Saeetlieerer ates 
emader from high values of r down to the limiting value of 
r. One may also decide the maximum amount of research pos- 
eeecle if funds have to be raised at different discount rates. 
It should be noted, however, that there are well-known dif- 
ficulties associated with this approach. A detailed dis- 
e@mesion of this subject can be found in Quirin's text [17]. 
Ayres cites an interesting example of cost/benefit 
analysis [4]. The field of water-resources development has 
been characterized by very long time horizons and low dis- 
meumt raves, with little or no consideration of the impact 
emecechnological change on the assumed benefits. For in- 
mPence, it is clear that if the anticipated benefits of a 


multipurpose dam assume a requirement for irrigation water, 
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the cost/benefit calculation shouldeeemnens SYNE WlesLgens 
anclude an explicit evaluation ol eee perce elon iii on 
new technologies for water conservation. At first glance 
this may involve some excursions into rather remote areas, 
such as the development by American Oil Co. of a technique 
mem '‘waterproofing” cropland from beneath by injecting a 
layer of asphait at a depth of several feet below the sur- 
mace. This prevents subsurface runoff and increases the 
water supply availabie to piants. One of the obvious re- 
mucus of this procedure is to correspondingly reduce the 
@emand for irrigation water, which in turn influences the 
@ecisions concerning the size of the dam. 


meokings furtgier intemthe future, cost/benefit analysis 


Mey Gisc be expected to DSeUme Mery Vamos @cr pe igen 
meavion of vertical and horizontal forecasts at higher 

fame ls, i.¢€., of environments, social systems or even society. 
iiesprerequisite for its use is the quantification of fore- 
casts at these higher levels in economic terms (numeraire). 
The author believes that attempts to introduce cost/effec- 
tiveness analysis, which has success in military administra- 


imeem, into other parts of the Government is a significant 


eeep 1n this direction. 


G. OPERATIONAL MODELS 
; hp wise Cciave me mi ommoce lemon mre mresenval lone. of mp tO 
eesses describing in simplified form some aspects of the 


real world [1]. They are the mechanisms by which predictions 


of the performance of a process or system can be made. Generally 
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the analyst attempts to duplicate in some kind of model-the 
behavior of the parameters, subsystem, or system with which 

me 1S working. Omee he has achievedseeta relat ivencnip be— 
tween the real world situation and his model, he can manipulate 
Mee model ™to study the charactemee wees in Which Memiseanver— 
Peved. 

Models prewidess ome olen Weave cl feevive Meanowror pme- 
Paeec ine pertormance, It is hardwvyewconceive of a pimedacrien 
System which is not in some sense a model. To construct a 
model of a real process or system, careful consideration of 
just which elements need to be abstracted is required. This 
meer cself is usually a worthwhile activity, for it develops 
msi ents into the problem: 

Thre purpose in Menstructime « 7m. Joe 4 
tion is to single out certain elements as being relevant to 
Miemoroo lem under Consideration, to make explicit certain 
ifmmetional relationships among these elements, and to for-— 
mulate hypotheses regarding the nature of these relation- 
eoips. These functional relationships enable the analyst to 
Eepress the model in mathematical form. In this®way he is 
file LO determine the most appropriate action to take wm the 
imaee OL a2 £iven situation. 

The advantage of employing a model lies in forcing the 
analyst to make explicit what elements of a situation he is 


meakine invo Consideration and in impe@sings upomenmmme thie dis-— 


miplinewor "elariiyine the Concepts Me tselsineaae cl chould 
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be noted that ain this connection theses al numerics pavane. 
ters, and thus of a mathematical model, is simply a device 
mel CONCEDEUaI Clarit1catlion- 

A type of model which should spyeve of special iiiecreanice 
io tne area of Stechnoloci Galbeiorecastims 16 the sake om 
model. Abt Associates define simulation as the operation of 
memoicil by manipulations ofits Glemeucrs by a computer, 4 
memean player, or both. Here instead of formulating hypothe-— 
feed predictmons @irecely abeut the real world, it is pos-— 
ale tO make such statements about the properties of the 
iem@el. Any results obtained from an analysis of the model, 
Mmemeeiie Extent that it truly simulates the real world, can 


bem later be translated back into corresponding statements 


Among the simulation models are a number of different 
fmemepi1es. There are paper-and-pencil models, usually in- 
vOlving sets of mathematical equations. These can be ana- 
meen oy suandard techniques, Or, if their complexity 
meereruidaes this, their implications can be explored with 
Sweccronic computers for any number of input parameter values. 
MmieGiner@e are physical Simulation medels such as mighu be 
Meo in the study of urban development. Here the projected 
meeees Of transformation of a city may be displayed with the 
eae) Of @ Miniature mock-up. 

Dap e eee rive isenlely Kindo pavsieak Simulation rs 


moae Ol Operational gaming. It involves role-playing by 
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human subjects in a laboratory situation in which the parti- 
Cipants simulate real world decisten-iakers Anes cont tic yee. 
interest setting. 

Gaming has been@used in forectarme Une pesciblewimgeaer 
of new or future technologies and it has been used for some 
mune in this connection by milita@eyeadminasireati Ons natn, 
mer studying the implications for the future of combinations 
eu specific technological and strategie concepts, from the 
viewpoint of both one's own forces and those of the enemy [1]. 
With forecasting assuming ever-increasing importance, gaming, 
using appropriate constraints on the moves of both players, 
ity become a valuable technique for the evaluation of alter— 
native technological developments. Gaming can be extended 
Me svuay COmplex problems Bacimte =OCleuy 
ognized as one of the potentially most suitable techniques 


for "social engineering" [18]. 


ite INPUT/OUTPUT ANALYSIS 

Leontief has high hopes that input/output analysis might 
become useful for technological forecasting [19]. Originally 
Pee interest in the application of input/output analysis to 
forecasting was stimulated by the hope of improving the Tore— 
casting of the two common relationships between input and ; 
output; (a) the "production function," expressing the output 
Mimcerns Of major inputs, such as labor and oh oabiacie mde) Liclare 
meena Ol Wabor preduccivitly ralico, ever time. 

The dynamic use of input/output analysis has become the 


principal object of study by Almon [20]. He has built a 
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Computer model for. an intler—-industryetorecact Up vo Oo 7oe 
Forecasting the United States economy from input/output 
tables is restricted to "hindsight" as long as the prepara- 
tion of the tables lags behind in time. However, input/ 
output analysis has already become a valuable technique for 
use in conriection with manpower and unemployment problems 
es), 

A Rand Corporation Suudy PCmebie Air yPorce, on Unevbasis 
of input/output analysis, attempted to forecast the creation 
Of new industries in the aerospace industry [1]. Arthur D. 
Little, Inc. applied input/output analysis to the identifica- 
Cion of suitable research and development programs in the 
field of oceanography [1]. 
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eee luable means of studying structural changes in a clear 
and explicit manner. General trends - such as the increase 
iaeyOolume of activity for the services, the invasion of one 
i@aqustrial sector by another, the changes in the supply and 
demand of raw. materials, and many others - can be followed 
eeoolacitily. 

The attractive feature, therefore, of the input/output 
Beeroach 18S that irregularities in the trend curves show 
Meeexplicitiy, often in terms of readily identifiable. causes 
men as bottlenecks” in the number of servicemen or of es- 
sential experimental facilities ina new field. For example, 
Superconductivity cannot be investigated on any reasonable 


scale without a helium liquifier for the laboratory [4]. 
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The unattractive feature is simply that in many cases 
the amount of quantitative MethoOdsmieecieeed is Slee ete] read 
relation to the conclusions one can reasonably expect to 
arrive at [4] . The cumulative uncertainities due to com- 
Poning and manipulating a large Wimbper of equations=and 
Eroportionality constants, each one of which is likely to be 
individually imprecise, must be such as to make the net re- 
sult often little better than a guess. 

AC time Present state ol the ames > ise the authors 
meenion that it is difficult to consider input/output ana- 
lysis seriously as a long-range forecasting tool. Ayres 
Beamts out, however, that it may be extremely useful as a 
teaching device for analysts and decision-makers and as such 
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exploratory forecasting techniques [4]. 
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IV. NORMATIVE FORECASTING TECHNIQUES 


A. INT ROBUC i Een 

Exploratory technological forecasting as stated previous- 
ay starts from today's basis of knowledge and is oriented 
mewards the future. Normative teemmolocical forecasts. om 
mee OLNer hand, first assesses fuvmre goals, needs, desires 
and missions and works backward to the present to see what 
fapabilities now exist or could be extrapolated to meet 
mecure goals [1]. Bright cites the Navy's "Polaris" Program 
and NASA's "Man on the Moon" Program as two good examples of 
"needs-oriented" normative forecasting [2]. 

Jantsch states that normative technological forecasting 
mameicatiiusiul oniy if two COMTCMM@ONs prevaerme ii). Beau 
normative forecasting is applicable only in a "closed" 
feemeuy. That is, if the levels to which it is applied are 
mmeracterized by constraints, then normative forecasting can 
be applied only if the needs or missions are "closed" by 
Memeoral or artificial forces or by consensus. For example, 
they could be "closed" by an agreed set of values or ethical 
Girectives. Second, normative forecasting depends on an 
pMmaaance Of opportunities. That is, if more opportunities 
exist and are recognized on these levels than can be exploited 
meer tne Given constraints, vhen Nowmalive forecasting acan 
be applied and is essentially an attempt to select an optimum 
among the recognized opportunities. 

ive author pelicves the first of Une Cwoveemdlulons  1or 


normative forecasting - a "closed" system - will be less 
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readily accepted by 4@ democratic socmtery Unless the proce 
is well-defined. The basic difficulty with a "closed" system 
within a democratic society is the problem of general con- 
sensus. Brooks points to the necessity for widespread con- 
sensus in areas where individual interests are involved [5]. 
meme example, consider urban transpomeal10on amd pom ion  con— 
meol in contrast to the space program, where Pew people have 
imomme convinced in spite of the large public expenditure in- 
molved. 

The search condition - an abundance of opportunities - 
meein the author’s opinion, the situation a@s it exists 
mmtcva tO JTllUSsStratemthis point reference is made Co the 
@mesults of a study conducted by the National Planning As- 


aa (a) ’ T ek a Cenie s a 6 amy ee ae I~ + A ~ As 
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Seciation {1 
ome its present national goals, it would cost fifty per 
Batemore than the totalsGross National Product ii this 
mersrod. The abundance of opportunities is further emphasized 
ibaa MeGraw-Hill survey of research and development in United 
mSeaves industry in which only twenty four per cent of a com- 
mete cross section of industry indicated "lack of profitable 
projects" as the major obstacle to the performance of more 
research and development [1]. 

mo survey of Che literature on normative forecasting 
Perea gGues i1ndicawes thar most techniques bear a strong re- 
lationship to the methods employed in operations research/ 
system analysis. Since many practitioners consider each to 


Weed SUDSeEL Of the oObher, the author will not aetempuy vo 
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differentiate between the two. However, it is worth noting 
that the operations research/systems analysis framework is 
@esigned to aid decision-makers a nmenoeesine a Courses ol saci aen 
Dy investigating his full "problem" @amd= thar technological 
ifeorecasting in this sense is DutUva sears of Chis several. Wore — 
lem." The Rand report edited by Quade is recommended as an 
mecellent treatment of the Contrasus and similarities of 
operations research and systems analysis [21]. 

The subject matter of operations research/systems ana- 
lysis is indeed vast and includes a large number of areas 
mee explicitly relevant to technological forecasting. How- 
ever, techniques such as mathematical programming, decision 
matrices, network analysis, and relevance or decision-trees 
mere found practical use in norwfarive forecastans 2 ais 
ee-erion includes a description, possible application, and a 
Critique of these techniques. 

tmois NpOrtans LO mete Chak Scenario wri. sumcer— 
tainty techniques, cost/benefit analysis, operational models, 
and input/output analysis, which have been discussed in Sec- 
tion Jil, are also techniques from the field of operations 
research/systems analysis. Although these techniques are 
dascussed in the opportunity-oriented framework of explora- 
tory forecasting, the author believes such techniques are 
useful in the mission-oriented sense of normative forecasting 


and that perhaps a combination of the two techniques is best. 
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Bs MATHEMATICAL PROGRAMMING 

A method of solving the propienimom op cai Zac leno apo 
ject selection i5 To maximize Uthemvoet ane. volver Gamo cee 
under a budget constraint. This reasoning has intuitive ap- 
peal since planned activities undertaken to achieve an objec-- 
tive usually depend on decisions which are influenced by 
Gest. The most common form of models using operations re- 
search/systems analysis techniques is thus found to be a com- 
Mmeeiation of economic analysis, chiefly to determine the 
present net value of projects from estimated characteristics, 
and operations research/systems analysis techniques. 

Metvwenati cal precranmine Tecnmiaquvies as deserabed in 
Jantsch's text have been applied in several models [1]. For 
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Peemctc, Asher has Geveiloped a Lite 
a pharmaceutical company. The variables used in the model 
melude possible research projects, value of success, cost 
per man-hour, available man-hours, and available chemicals. 
The ranking criterion is the maximum expected net value, 
Meer into account availability of man-hours and chemicals. 
One of the most ambitious mathematical programming 
models to date is Program Analysis for Resource Management 
(PARM). PARM is essentially a simulation model using linear 
programming techniques for providing guidance to the Dee var 
Of the Office of Emergency Planning in the Executive Office 
of the President on resource allocations and the coordination 


of economic mobilization plans among the major agencies of 


the United States government [4]. The model involves keeping 
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track of 1,007 distinct “activi piesCeigesce coerce) Son dennwena— 
mately 94,000 time-dependent coefficients which describe the 
relationships among the activities. PARM is a very sophisti- 
cated input/output model of the type discussed previously in 
section III. However, it is designed to fulfill the mission- 
oriented requirement of project selection and is therefore 


treated as a normative forecasting technique. 


ie . DECISION MATRICES 

The most common use of a matrix in normative forecast- 
ing is for the optimization of resources under given con- 
feeainus {|l|. Resources in this convexut may be not only 
financial but may include manpower, skill, research or manu- 
fmeccuring resources. The matrix, in this case, represents 
Me inpuct/Outpus matrix of scientific and techmacal enfort 
in various fields. 

An example of project selection based on two-dimension- 
al resource matrices can be found at the Boeing Company [1]. 
mist, one matrix is built for each project, showing the 
tasks and disciplines involved as one dimension, and the 
eemparing resources as the other dimension. Projects eor- 
responding to the given resource structure are then combined into 
higher-dimension matrices all the way up to "master" matrices 
for broad company activity areas. These "master" matrices are 
systematically used by Boeing as an auxiliary means of achiev- 
ing optimum deployment of resources. 

An example of a three-dimensional matrix, called "Pro- 


gram Cube Concept," and applied by International Minerals and 
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Chemicals, is described by Jantsch [1]. It has the three 
dimensions of market missions, resources and time. The re- 
source dimension is structured into financial, personnel, 
marketing, sales, production, facilittes, raw material mar— 
meus, research and development, anaweuortic relavicne rc— 
meurces. Program planning in this @iiustration aifects the 
whole cube. Whereas the market missions and resource di- 
fees ilOns, in a manner analogous to the Boeing concept, aid 
mr ODvLIMIZiIng the use of company capacity at a given moment, 
the dimension of time assures continuity of development in 


mae various fields of interest. 


De NETWORK ANALYSIS 

The network techniques, especially CPM (Critical Path 
Method) and PERT (Program Evaluation and Review Technique) 
are a management tool for the control of complex system de- 
een and production tasks. CPM is based on a "flow chart’ 
scheme showing the different steps of all branches of the 
project. The branches are analyzed in order to select an 
optimum "path" between the first and the last stages, where 
feitemcr i bLerion for an optimum may be lowest cost, shortest 
moe, CLC. PERT, developed for the Polaris missile program, 
ieea probabilistic approach characterized by an analysis of 
uncertain input data and input relationships (for example, 
Mcertain time of completion pia sub-system) and the calcu- 
Meeton of the probabilities of time and/or cost factors in 
the entire project. An excellent reference for the applica- 
eon OF (OEM and PERI tbo project selection vs Dy Moder ana 
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In the analysis of the req@titrencnts meee a pro} ecetemnoce 
end point is well defined, the nodal points (events) of the 
network are specific activities. The first step of a network 
analysis, according Co Ayres, is Veo identify all pertinent 
activit#es and their causal reiepronemaps aneeume Gea the 
appropriate connections as directed lines on a chart [4]. 

The length of the lines in this case have no particular 
peonificance. The logically possible causal relationships 
between two events A and B are as follows: A is a prerequisite 
Gamers 1S a8 prerequisd te of Ay erenone. Stn the Favtver case 

A and B are independent and can be carried out simultaneously 
Selly any order which happens to be convenient. 

Once Une waculvValy times eare Speci ti ed — Citihereeerc 1: — 
feeeeecC fl caliv jn the tastemor Crm or 
eireaot Pin! = The Minimum toval vime foryune projece ican, oe 
found by comparing the elapsed time of all paths through the 
Mewwork, and identifying the longest or so-called “critical 
path." On all other paths there is some leeway or slack 
fe tor adjusting the starting time to allocate scarce man— 
power resources most efficiently or to satisfy other con- 
Smeainus. This slack time for a particular activity is simply 
the difference between the earliest and latest possible 
starting times. Hence, one of the advantages of this method’ 
imeicevecalea by =the case with which such questions as when to 
Stary an activity can be answered. 

The complex series-parallel MiG erg gee aya Olsen oS een Ch) 


mie TOLAarIiswMiissile Pregram, requires am Gxvensien of The 
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above discussion. The use of PER @ie wilareely Seredi Cece ane 
the successful coordination of theteeveratetheilsand con 
wractors and agencies participating mm tne Polaris pree@eane 
advancing the completion data by more than two years [23]. 
Mora result of its Success in the Petaris program, PERS 
techniques have been applied to such programs as the Air 
Force's Minuteman, Skybolt, Dyna-Soar, and B-/0, the Army's 
Nike-Zeus, Pershing and Hawk, and the Navy's Eagle and 
Magssiileer. American private industry has also adopted PERT 
to assist in the management of projects which involve many 


interrelated activities [23]. 


E. RELEVANCE TREES 

The relevance tree concept was first proposed by 
Churchman, et al. in connection with decision-making in 
general industrial contexts [24]. Ayres defines a relevance 
tree as a logical network designed explicitly to elucidate 
the degree of importance of various "inputs" (e.g., projects) 
to a broadly defined outcome or goal [4]. Questions which 
@am be elucidated with the assistance of such a "tree” in- 
Cuuide Optimum alliocation of fixed resources to maximize the 
value of research and development and the optimum selection 
of research and development program content. Where the ob- 
jective is a specific one which has already been labeled a 
"orogram" - as in the case of controlled thermonuclear 
power - a tree of prerequisites and alternatives is a possi- 
Pee Gareine POlmMe for a Crivlcaiw path Network analysis as— 


peclaved with a detailed plan ofr action: 


{0 


= 








The relevance tree approach 1s ,particeularly well suaitged 
for puiding decisions anvolving 2h uinber vol vechnales— 
ical alternatives such as weapon systems, new product develop- 
ments, and research proj ecvUs ie lee Ke lamellae aia 
@1ccussed best by describing a parvumeular model for faciii— 
mouvine such choices. 

The first large-scale application of relevance Trees 
GO numerical analysis for decision-making has been made by 
memo vywell'’s Malitary and space™eciemees Departmene. ne pro= 
eess is called PATTERN, an acronym for Planning Assistance 
TRhrough Technical Evaluation of Relevance Numbers [25]. 
MmoeothRN consists of three basic parts. Farst, a relevance 
tree which measures the relative importance to the national 
Meeroeevives Ol UpSPraGing a2 parlichaer Wise wero. Goce! 
mieead. cecond, status and Timing which measures industry's 
eoeoility CLO Solve the adéenvitied problems. Third, cross 
Support which measures the degree of technical growth that 
tee result from solving a specific problem. 

A scenario which projects the world environment (in- 
meine military, political, and economic factors) and 4 
comprehensive state-of-the-art technological forecast are 
used as basic inputs in the evaluation process. A team of 
experts using decision criteria and subjective probability 
techniques, assign quantitative values relating to the im- 
Memerance Of Upgrading that itemein terms of ts" contriburron 
Pemmecting the overall national objectives for @the UCime 
Period in Question. "Cross suppoery and starus end timing fac- 


tors are also assigned numerical values. These numerical 
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inputs are then fed into a computer program and the output 


il is a set. of relevamecenumberss or voto ruye 


Of a modede rum 
priorities )@for listed projectse {vsyewems, Of techno leeie> 

in terms of its relative importance to the national military 
stature as compared to all other areas Used in’ the evatua— 
paon procese. 

The relevance tree used in PATTERN is basically a struc- 
tured decision network consisting of eight levels beginning 
Meeuly national security objectives and progressing through 
ieee s OL conilicts, forms of conflicts, missions, systems 
Semcepts, functional subsystems, subsystem configurations 
ees technology deficiencies, in a tree-like organization. 

The structure of the general relevance tree is shown in 
mecurc >. 

ine Strvucvulres ds first divided 1nv0 sUhieee Ma) Ome parts . 
Pieune top, in the political and ideological area is where 
the President and the National Security Council make policy- 
Mepe decisions. The second level, the conceptual and re- 
quirements area, is the level where the Secretary of Defense, 
Hitwociimistratvor of NASA, and the individual Service Chiets 
ifWemwe decisions. The third level, the technology area, is 
where the individual service laboratories and the laboratories 
Of mndustry make technical decisions. 

Mew as HC stiitec boku ot tite Ulpeus Lilien slo —am Vale deine 
the various levels shown on the piven, (sh. daljeibuee SP (clubs wake 


Mavtonal @bjective Level, making a total of elgeht levels. 


In order to make value judgments in the horizontal plane at 
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each level of the tree, it is necessary to apply rigid defi- 
nitions to each item on the tree as well as to develop a set 
of ground rules (criteria) for the situation at hand. Key 
words representing the various criteria are shown on the 
eft of Figure Que in developane syaeweryeuia ey Lomeli oOr— 
tant to ensure that they are appropriate to the level at 
which the decision is to be made and that they are mutually 
exclusive in so far as possible. 

Tra order to explain tile terminolocy assecrated wach 
relevance trees, the top four levels of the overall struc- 
ture are broken down into finer detail in Figure 10. This 
figure is characteristic of the "tree-like" organization 


associated with decision analysis. At the top is the United 
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WMomiOus types Of conilict where challenges to our National 
Objectives may be expected, e.g., military activities, non- 
eempat activities and exploratory and civil support activi-— 
ties. The next level indicates the form that these challenges 
may take, i.e., various types of limited wars, intelligence, 
mime: COMnuroOl, ete. ‘Under each of these forms of conilict 

meee Spectrum of missions in which a capability musa be de- 
veloped and maintained if the Government is to counter the 
challenge in each specific area of competition. The obvious 
advantage of this type of detailed structure is that it divides 
the. large many-faceted problem into small segments and permits 
one to make comparisons among small numbers of items at any 


Single level. At the same time, the capability of again 
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looking at the total package as an entity is retained once 
the individual value judgments have been made. 

Referring to Figure 10, relevance numbers are assigned 
at each node of the tree by teams of experts using carefully 
selected criteria as a base for their judgments. The basic 
procedure is to employ a value judgment matrix using mathe- 
matical techniques developed for decision-making under con- 
Gitions of uncertainty. For a detailed explanation of these 
mathematical techniques the interested reader is advised to 
consult Reference 25. 

The lower four levels of the overall structure (Figure 
9) are also divided, starting with postulated concepts as 
Uae tifth level. At the sixth level each of the concepts 
GMVyiLGea Into Sevenivesr, PUTS ri cre. "SUNS StS areaq VOReiar- 
with associated requirements needed to meet concept perfor- 
mance goals. In most cases there are several alternative 
weeps by which the functional subsystem requirements can be 
met. These alternate methods are called subsystem config- 
urations and constitute the seventh level of the structure. 
Contained within the competing subsystem configurations are 
the technological deficiences to be solved. These deficiences 
represent the eighth and final level. 

ire seeend major part of "tie  PATTEMP has to do witm the 
status and timing of the technology needs. Once the meeds of 
the Government are assessed an evaluation of the capability 
of industry to achieve the technical solutions to the iden- 


tified problems is the next order of business. To initiate 


this step a comprehensive technical forecast using several 
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exploratory forecasting techniducs susmconduered andeanwas— 
sessment is made of théescurréntwseaviow on sever a enunGiacd 
technologies, as well as the likely rate of improvement in 
performance of each technology area over time. PATTERN 
then uses this evaluation of the status of technology and 
its projected rate of growth in determining the time and 
capability required to meet the previously identified nation- 
eae technical needs. These data are then inserted at the 
functional subsystem and technical deficiency levels in the 
teee and indicate the capability of the country to meet its 
military/exploratory type technology needs. 

ine thik Pa Meador pert. Omen LER Nee Oma ome Ol “EMeCmC COS Ss 
Support aniormation. "Gross support as defined by" Honeywerr, 


se = ~ i. + 4 «+ NT FIWOI TAO 
Le oy 
— oo 


Coreen oom oie LOLaL Some i Seem Cal scare: 
all subsystem areas, accumulated by working in a specific 
subsystem problem area. Time is used as the common denom- 
meneor and a ~zero to one Scale as Used in assigning the 
@eess SUppOort values. Thus, the subsystem configuration Cross 
support number represents the degree to which solving a 
meecliie technical problem on a particular subsystem config- 
uration reduces the effort needed to solve similar or related 
subsystem problems. 

the tlexibility of the PATTERN concept is demonstrated 
by its application in other areas. For example, Honeywell 
management iPmetavedna SeuGy avo 1dentity presene and future 


needs in bio-medicine [25]. Honeywell also prepared a rele- 


wanee tree for NASA's Apollo Program [1]. Approaches very 
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Similar to PATTERN have béén cP arene ine app In ed iro ss wast eee 
decision making in a numberof Guduseums cc eand oreanizacuvenee 
notably by Swager [1] and Cetron [3]. Fields combines the 
relevance tree concept with morphological analysis and the 
Delphi method to establish a general procedure for techno- 
logical forecasting [26]. 

rie authowers Of thesopinitomeaal Themreal valine of 
the relevance tree scheme is in combination with other methods 
such as the method proposed by Fields [26]. The most promi- 
nent example of the application of the relevance tree concept 
ifmmecombination with other forecasting techniques is that of 
the Planning-Programming-Budgeting System (PPBS) of the 


theo. Department of Defense. The PPB System is buzit around 


te ae en “HK ha At son nmin itr) hl yor ‘ 
Cae Sa) ae Geral OT Wher UL Xo oN pea eee nO Deere: 
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“uw four-level decision- 
to the relevance trees discussed earlier. Other operations 
research/systems analysis techniques and the Delphi method 


eaewised in conjumetion with relevance @ree techniques. 


(Gs, 








V. CONCLUSION 


The three previous sections of this paper have been 
devoted to a discussion of the various techniques employed in 
wmechnological forecasting s | Itim@imet be remembered Wovever, 
that forecasting in general is beset by hazards, simply be- 
€ause the future is not known. Most of these hazards, e.c£., 
the uncertainty and unreliability of data, apply to all forms 
of forecasting. In addition, the literature suggests there 
are some pitfalls pertinent to technological forecasting. 

im seems appropriate at this time to point out some of these 
major pitfalls, since improper use of the available techni- 


ques may lead to misdirected goals and wasted resources. 


tional capabilities requires considerable imagination on 

We part of forecasters. A common pitfall, especially among 
me—>called committees of experts, is a lack of this imagina- 
mao this particular problem is usually in the form of the 
foeure FO see converging technical developments , the ae- 
Cemeance of trends as rigidly continuing, the reliance on 
meee d information; and coneentration on specific configu- 
rations of technology now in use. A classic example cited 
by Ayres is that of the committee selected in 1940 by the 
National Academy of Sciences to evaluate the proposed gas 
turbine [4]. The committee's reasoned and careful conclu- 
sion, based on many conservative assumptions, was that gas 


turbines would have to weigh 13 to 15 1b./hp compared with 


ie 








1.1 1b./hnp for internal-combustion engines then operating. 
In point of fact, a gas turbine was in operation one year 
later with @ weiehteot 0.4 leah 

On the opposite side of the spectrum there are indivi- 
GQuals of scientific bent who maintain that given the re- 
sources, time, and motivation, the human intellect can create 
mim cually anything it can conceive. This type of pitfall can 
be remedied by the forecaster if he does not attempt to pre- 
dict to the "nth" limit or too far in advance. Again, Ayres 
cites some interesting examples of this optimistic attitude 
[4]. For instance, using the envelope curve for vehicular 
speeds it appears that the speed of light would seem to be 


achieved by 1982. Another equally ridiculous example of 
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From these trends forecasters have predicted that anyone 
been after C000 A.D. will live forever, barring accidents of 
course. 

Aspects of future scientific progress can also be poorly 
estimated because of a lack of consideration of seemingly un- 
@emaved factors, such as resistance to change by vested in- 
MemestsS, public inertia, wnforeseen costs, avanalable resources 
ema tack of understanding of new technologies. Many research 
and development programs of a few years ago which induced 
meeay expectations failed to have a truly significant effect 
on the present environment. Nuclear powered aircraft and the 
relatively slow advancement of nuclear power for non-military 


use are typical examples. 


80 








In addition to the foregoing epiviaits ey Us bc etrccon— 
nized that mistakes in methodology are also cause for concern. 
The use of inappropriate technteves tery Incorrect ca) cima cons 
can lead the forecaster to some rather interesting conclu- 
sions. Consider, for example, the calculation made by the 
Canadian astronomer, J. W. Campbell, that a moon rocket would 
have to weigh one million tons in order to carry one pound 
eiepayload [4]. This calculationewas off by sax orders on 
magnitude due to unrealistic assumptions about fuels and 
mambhure tO take multiple staging into account. 

Many technological advancements depend to some degree 
on basically unpredictable elements such as luck or coin- 
Gameiences individual ansight, personal drives and various 
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humans, which is probably the greatest force for the advance- 
meme Of Cechnology, is not yet completely understood and 
should, in this author's opinion, be the subject of more in- 
tensive study. 

Given that various techniques and their associated pit- 
fells exist, the natural question to address at this point 
is what should be considered in selecting a method. The 
forecasting techniques discussed in the three previous sec- 
tons ranged from intuitive to statistical to cause and ef- 
fect analysis to means of structuring the information in 
order to examine interrelationships and consider alternatives. 
The techniques presented have varying degrees of complexity 


and usefulness. None is a magic formula or an all-purpose 
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device and each has its advocates and adversaries. The 

point to keep in mind is thaw alle can be luce ht aw aeaveen= 
nique which is "best" depends upon the circumstances under 
Which the TPe@mecaster is working Sandia. decCs hme ice Pacem eins 
completeness, and quantitative precision of the data base; 

vec purpose Of tite forecast; Ghemibenetha en the foreccasy permed: 
and the time available for generating the forecast. In gen- 
eral, the level of treatment should correspond to the impor- 
tance and level of complexity of the problem area. The 
technique selected should be compatible with and adaptable to 
the available information. 

Conversely, there appears to be a very real need for 
improvement in the level or degree of sophistication with 
momen Inany ctecnnoict@ies are LPpeaw@ed be 1omem@escters. Har 
example, the most unsophisticated forecasting technique in 
use today is the individual type. It has been estimated 
that a large percentage of all forecasting done by the mili- 
tary services is of this type [3]. Frequently, insufficient 
beeerorical data preclude the use of more sophisticated  vech- 
megues. However, in this author's opinion, there are many 
instances where substantial quantities of reliable data are 
available for analysis but are not used. As a result, the 
level of confidence which can be ascribed to the forecast 
is frequently less than desirable. 

The literature suggests that the major requisites of 
good forecasting can be reduced to: (1) the knowledge of 


moeenviiie and Gechhnical specialists in the subject matvtrer 
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area; (2) astute judgment and common sense on the part of 
the forecaster; and (3) a technical understanding of avail- 
able forecasting methods and how and when to apply them. 
ine primary 9gain siseom themuse oleic Chieu Wes sr ona 
ereatvly 1mprewed 1nsieht antovt hemi au tiee sa ie We eee Ollie 
Saips of iniluencine factors and ymaewsemsi livity sete solutions 
vO these factor variations. These techniques also provide 
the possibility of evaluating, within a consistent frame of 
reference, distinct alternative technical solutions to a 
given operational problem. In effect, the techniques pro- 
vide the tools whereby the technical knowledge and judgment 
ef, the forecaster can be applied to logical, systematic 


Thinking about the pattern of development of the particular 


The best forecast for a given purpose may require the 
Meee Of various methods, i.e., @ combination of intuitive, 
exploratory, and normative techniques. The several fore- 
easetrs provide a range of probable developments, they may be 
combined to give a single estimate of the future, or they 
Heimer ovilde a choice of ~predictions according to the purpose 
for which it is intended. A recent example of this approach 
to forecasting is offered by Fields [26]. Fields made a 
Paslaminmary study of the techniques currently beingeused 
and recommended that a combination Gn. theo Dellpimapyechiniaue. 
morphological analysis, and the relevance tree technique 
be used. In addition, many experts in the technological fore- 


casting business agree with Fields and suggest that for most 
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applications some combination of the available techniques is 
Best. 

In spite of the wide choice of techniques and knowledge 
of the pros and cons of these techniques, the author of this 
peper is of the ™opinicm that the practice of Gechnolerical 
forecasting is as yet, not well developed. Furthermore, 
among those practioners that do develop formal forecasts, 
there is little evidence of effective integration with plan- 
meee . 

Examples of useful technological forecasts are scarce 
because of widespread resistance or neutrality towards the 
subject. This is due in part to the disadvantages, limita- 
weoms and pitfalls of the various techniques as discussed 
ifn tne preceding paragraphs. ilowever, tne primery reason 
why technological forecasting only goes as far as "lip- 
service" is because of a general lack of understanding of 
Mes nature of change. 

The greatest benefit of forecasting lies in its use 
@eeeuidance for the activities of organizations. In parti- 
omar, the forecast should help the planner make correct 
Gecisions. It is imperative then that key individuals in an 
organization identify all areas of change important to their 
organization and even more important that they interpret the 
potential impact that an observed change may present. The 
nature of change, however, presents problems which organiza- 
tions have been unable to overcome with formal forecasting 


techniques. The problematic task of forecasting all possibile 
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ehanges that may occur in the technica political and 
social environments surrounding an organization appears to 
be more difficult than the literature suggests. The mere 
accusation that management suffers from a "lack of imagina- 
tion" does little to solve the problem. 

lf @m orsaimization 15 COppretawe WOire sr miegt Utliee meres 
met merely a question of “adopting one or more of the various 
mechniques and applying it according to generally accepted 
ereaineiples; = 1t is much more aequestion of recogni zimgeand 
understanding the nature of changes in technology and its 
@esociated effects on all the environments surrounding the 
@reanization. Since forecasting efforts are directly re- 
lated to the decision-making process, failure to allow the 
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may undersell a potentially powerful tool. Until these dif- 
ficulties are resolved, they will continue to severely limit 
Mme applicability of the formal forecasting techniques. 

The past decade has brought a new attitude toward the 
future in public and private planning agencies. This change 
has extended customary planning horizons to a more distant 
future and replaced haphazard "fortune-telling" techniques 
with objective analysis. There is a growing awareness that 
aepereat deal can be said about future trends in terms of 
Euevabilivy, and moreover, that through proper planning, 
maese DrObabidlities can be antluenced considerably. The 
author of this paper suggests that further research should 


Me deveced to Understanding the Structure of the stochestic 
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process involved in Céechnologi cate ore cae ie eels Oost ane Velbon. 
such probabilivies as the Condi enalmo robs 1 imly ol eos ice 
cessful technical solution given the required resources and 
the probability that these required resources will be made 
available, should be considered. 

If the author of this paper may be permitted a prophecy 
about technological forecasting, the next decade will see a 
host of conferences with great stress on resolving the nature 
Si change and its resulting impacts. This author femeecs 
increasing use of formal technological forecasting techniques 
mc Pred cus thavertorecasts will dook further and further 
mwo the future. This longer look, coupled with the acknow-— 
ledgement of the non-technical environment, will force a 


tie 
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decision-making process. 
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APPENDIX A — ANNOTATED Bit eieGR Artin: 


Seno hia@ tee 


"Technological Forecasting in Perspective, ' 
National survey of technologrcaleterecactias Conduct cem., 
Dr. Erich Jantseh, is based on eight months of research in 
thirteen countries [1]. The volume contains an annotated 
bibliography with over 400 literature references. The text 
meC1ns With a setwzot definitions and basic concepts... (Part 
eee A Framework for Technological Forecasting, is highly een— 
eepuual and philosophical. Whiile Part 21, Techniques Rela— 
ted to Technological Forecasting is mathematically oriented. 
mart JJI, Organization of Teehnological Forecasting, presents 
mae findings of Dr. Jantsch's search for applications. Al- 
Maough che author of Chis paper (ound secueerns oh eS Lom, 
digricult to read, it is recommedned for any reader inter= 
eeeeca in technological forecasting. 

"Technological Forecasting for Industry and Government," 
edited oe James R. Bright, contains the proceedings of the 
First Annual Technology and Management Conference [2]. The 
Pomume Covers a broad range of topics discussed by several 
well-known experts in the field of management. This author 
mound this book relatively easy to read and it too included 
an annotated bibliography. 

“Technological Porecastine. 4 Practical Approach" is 
written by Marvin J. Cetron and is based on his experience 
with the Department of Defense [3]. As a result, many of 
the concepts and ideas are illustrated with military ex- 


amp Les. 
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Cetron draws several analogies between military programs and 
paanese Situations thus @iVine@wtic regder 4 broader e wey 
of the domain of technological terecas tani theme vec is 
organized, list—making Style ase very  eadapte welds on— 
motated bibliographwes are extencave. 

"Technological Forecasting and Long Range Planning," 
Dy Robert Us Ayreésseprevides aneexece emt, description Cf the 
methods employed in exploratoOny forecasting [4]. While the 
Mavhnemnavical sophistication may Der diiticult tor some readers, 
IMey areshnot crucial co understanding the mMetnods. ana should 
MOL prevent the reader from appreciating the use of a large 


number of industrial examples. 


88 








LIST OF REFERENCES 


Jantsch, Hs, Technological Werecea ting in Pegepoerinie- 
ele 


Organization for Economic Cooperation and Development, 


Berehty Jan hele chnoOloe@ieat Mereceae v Miele medGhis ticy 
and Government, 


Prentice Had = igeo. 


Cetron, M. J. Mechnologi caueiem-c asl ie: 


M@rractical 
Approach, Gordon and Breach, 1969. 
4, 


Ayres, R. U., Technological Forecasting and Long-Range 
Paver. MeciGigaw Hate. kG, 
Beooks., 


ee 


National Seience Policy and Technology 

Wade! Cw POCeeOiInes. Ol aeConterence won Lecwaeder,, 
ihgoanas ter and Innovav von. Op... 3 = 45: 
Foundation, 15-17 May 1966. 
6. Asveeeigtovel se Sy eh 


National Science 
pe soll sheha slg) ca. 
TM-1391-000-01, 


le alle) Iakieveigsheleniens Invey seat: 

System Development Corporation, Santa 
Monica, Calafornaa, 12 Mebruary 19638 
| 


r) 
Hemee, “. 5 SioImroegrapiy on 


Tecnnologieai -OWeces ia. 
and Long Range Planning, Report 69-1, Defense Research 
Board, Ottawa, Canada, December 1969. 
oe Harrison, A., Bibliography on Automation and Technolog- 
ical Change and Studies on the Future, Report P-3365-3, 
Rand Corporation, Santa Monica, California, March 1968. 
9. 


Cowan, Ws B., The Use of Existing Technological Kore= 
casts for Decision-Making, 

search Board, Ottawa, 

oe 


Report 70-5, Defense Re- 
Canada, November 1970. 
Daikevom. C., Deleha cympostum on Long hance hore— 
Gas vane send lanhane. pp. ll, Of Ti Ceskor Aerospace 
Research, 11-12 October 1967. 
ll. Dalkey, N 


one 


The Delphi Method: 


An SxDeriment suudy 
of Group Opinion, Report RM-5888-PR, Rand Corporation,, 
Sante Momica, California. Jumews69 . 
ie Dalkey, N: 


~ DirOwie. dscex. 


ena Coen ran,  o5 Une wbe lon: 
Method IV: Effect on Percentile Feedback and Feed- 
In of Relevant Facts, Report RM-6118-PR, Rand Cor- 
‘poration, Santa Monica, California, March 1970. 
3% 


Lenz, R. C., Jr., Technological Forecasting, Report 
ASD-TDR-62-414, Air Force Systems Command, Wright- 
MaAvvemsene ane Horce Bases Oho . tne lo Gg: « 


39 











14. 


SO ee 


HE) 


Lie 


iS . 


uo. 


20". 


onl. 


ae. 


a 


a4, 


25 


ey 


Prehoda, R.aoW., Desienine tiie Ubu e ee iene lemon sheen 
nologi cals Porecastin®. Chimieom. 1067. 


Kahn; H., On Alternative World Huvures - lssuecmand 
Themes, Report HI-525-D, Hudson Institute, Harmon-on- 
Hudson, New York, 20 May 1965. 


Blasiciseommaur ume, Iverelaiero) le amonecune Prospects she Vo mid 
Food Production, Report HI-640-DP, Hudson Institute, 


Hudson-on-Harmon, New York, 19 April 1966. 


Sboliigieeme ID. 5 one ele zie ely det coretelolinm bade Bisvertsilongl., Mieyetin - 
LOO 


Helmer, 0., Social Technology, Report P-3063, Rand 
Cciweravion, canea (lolmnca wee ctat crnia,, Peormary GG. 


etendicaenk go. «  ighkeible = © bic jo bues le volo lou aliens 4. xc tae) 0 aL eames 03 
Press, 1oo0. 


MIMGCiie Cn ate Licence cath Conetivme LO 19/5. harper 
and Row, 1966. 


Stade. Eas. a obalysis orm i li vary Decisions, Repere 


R-387-PR, Rand Corporation, Santa Monica, California, 
November 1961, 


Geis .)) 25 aad Enliips ~ Co hy. erojeeu Managenenu 
Pitcher and PRR. Reinhold, 1954) 


idem Sen oe shed bernian. a. de Mero Ol Ch VO rmEro 


Operations Research, Holden-Day, 1967. 


Chumeelmans C- Wene ACKor ty. iy... law and Arnot »al = i, 
IbjebieweNs HOU COMO Oe ies eles aioe ool, iauilien; | Ilse. 


BSC loti beanies woe is vances larough. Lechni eal 
Evaluation of Relevance Numbers, Proceedings of the 


ii wiateoniat Lerospace Eleclvrenies, Conlerenice mop. 
346-351, Institute of Electronics and Electrotechnical 
Engineers, New York, 1965. 


emt aoe ite ChMO TOR Cale hemecas ul Ne .erhepOl. lam! wLn— 
1466, Battelle Memorial Institute, Pacific Northwest 


Laboratories, Richland, Washington, 26 June 1970. 


90 








0 


CNET TARS Dis TRS Ur LOS ies 


No. Copies 


Defense Documentation Center @ 
Cameron Station 
Alexandria, Virginia 22314 


Library, Code 212 2 
Naval Postgraduate School 
Monterey, California 93940 


Department of Operations Research de 
and Administrative Sciences 

Naval Postgraduate School 

Monterey, California 93940 


Assoc Professor C. R. Jones, Code 55Js i 
Deparumems Of Operagiome Nene nd 
and Administrative Sciences 
Naval Postgraduate School 
Monterey, California 93940 


5] 
t-~ 
}-4 


Chel Of saved. 
Pers lib 
Department of the Navy 
Wastinmicgen. UC. 20370 


oad rs OB UGC 


LT James W. Rooney, USN 1 
2e3ce9 Davenrich Street 
Salinas, California 93901 


91 








UNCLASSIFIED 
DOCUMENT CONTROL DATA-R&D 


(Security classification of title, body of abstract and indexing annotation nmust be entered when the overall report is Classified) 






ORIGINATING ACTIVITY (Corporate author) 


Naval FPosteradvarte.) choo! 
Monterey, California 93940 





2a. REPORT SECURITY CLASSIFICATION 


UNCLASSIFIED 


2b. GROUP 






3 REPORT TITLE 


A SURVEY AND CRITIOUE OF TECHNOLOGICAL FORECASTING Meters 


> 


DESCRIPTIVE NOTES (Type of report and, inclusive dates) 


Master's Thesis: Sentembe e 


. AUTHOR(S) (First name, middle initial, last name) 





James W. Rooney 


6 REPORT OATE 7a, TOTAL NO. OF PAGES 7b. NO. OF REFS 


Ba. CONTRACT OR GRANT NO. 98. ORIGINATOR’S REPORT NUMBER(S) 





> 


me ROJECT NO. 


c. 0b. OTHER REPORT NO(S) (Any other numbers that may be assigned 
this report) 


10. DISTRIBUTION STATEMENT 


memeroved for public release; distribution unlimited. 







Fil. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY 


Naval Postgraduate School 
Monterey, California 93940 


P13. ABSTRACT 


ITE CP ge? GL rt 2 


A critical survey of technological torecasting technigne. 
meepresented. The nature of technological forecasting permits 
the various techniques to be classified as intuitive, explora- 
Mery, and normative. Intuitive technological forecasting is 
based on the informal use of exploratory and normative techni- 
ques, including the forecaster's biases and hunches. Explora- 
tory technological forecasting starts from a present empirical 
or theoretical basis of knowledge and is oriented towards the 
future. Normative technological forecasting, on the other 
hand, first assesses future goals and missions and works back- 
ward to the present. Some pitfalls of technological forecast- 
ing are discussed. The most essential are: (1) a lack of ., 
imagination on the part of the forecasters; (2) a belief that 
the human intellect can create anything it can conceive; (3) a 
lack of consideration of seemingly unrelated factors; and (4!) the 
fe Ol Inappropriate techniques Or ancorrect caleulations. Hace 
tors which should be considered in selecting a forecasting teen- 
nique are suggested and include: (1) the circumstances under 
which the forecaster is working; (2) the characteristics of the 
data base; (3) and the time available for generating the fore- 
Gas. 


TET EC LD EES SP A TP ee SL ee Ce TS LY) I LE 





I coos (PAGE 1) 


UNCLASSIFIED b 
S/N 0101-807-6811 92 : 7. ae oe 


security Classification A-31408 








UNCLASS Ei 
Security Classification 


= —! 


KEY WORDS 


Technological Forecasting 
Forecasting 

fntuicive Forecasting 
Exploratory Forecasumis 


Normative Forecasting 





> Ok 1473 (3ack) 


©101-807-682} 


4 
ie 
i 


Security Classification 


cd oe Ce 

| ’ 3 : x : - 

alee 
UNCLASSIFIED E 


A-31409 
































131287 


Rooney 
A survey and criti- 
que of technological 
forecasting methods. 





